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Figure 4
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Figure 5
%
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L
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Figure 6
Pos. [°2Th.} Height [cts] FWHM Left d-spacing [A]  Rel. Int. [%]
[°2Th.]
14.29 2010.21 0.06 6.20 06.32
14.99 238.60 0.08 591 7.87
15.77 702.83 0.10 5.62 23.19
16.60 945.12 0.04 5.54 31.18
17.39 225.15 0.10 5.10 7.43
17.64 509.21 0.06 5.03 16.80
20.92 1818.90 0.10 4.25 60.01
21.05 2207.31 0.04 422 72.82
21.68 979.74 0.08 4.10 32.32
21.82 1987.77 0.05 4.07 65.58
21.91 3031.15 0.04 4.06 100.00
23.41 295.30 0.20 3.80 9.74
2432 955.79 0.05 3.66 31.53
24.58 1265.60 0.04 3.62 41.73
25.38 158.56 0.20 3.51 5.23
26.80 333.11 0.05 333 16.99
28.75 999.20 0.05 3.1 32.96
31.39 21295 0.15 2.85 7.03
34.47 163.37 0.20 2.60 5.39

3540 160.42 0.13 2.54 5.29
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Figure §

Shift Shift Shift Shift
cm™ a.u. cm™ a.u. cm? a.u. cm™ a.u.
49.4 174 275.6 343 1176.7 | 531 2959.5 | 327
60.1 267 389.8 293 1179.8 | 308 2961.9 | 372
63.7 | 319 393.3 299 1182.9 | 228 2964.3 | 268
67.3 597 396.7 293 1201.4 | 236 2966.7 | 256
70.8 936 488.9 229 1204.5 | 452 2976.2 | 307
74.4 | 1421 630.1 299 1207.6 | 799 2978.6 | 402
78.0 | 1389 633.4 | 475 1210.7 | 810 2981.0 | 400
81.6 | 1258 636.8 304 1213.8 | 494 2983.4 | 321
85.1| 1165 745.9 224 1216.9 | 257 2985.7 | 231
88.7 | 1503 749.2 246 1339.2 | 256 3009.5 | 263
92.3 | 2003 768.8 264 13422 | 294 3011.9 | 228
95.8 | 2528 772.1 655 14446 | 218 3014.3 | 275
99.4 | 2955 775.4 | 1211 15955 | 298 3016.6 | 317
103.0 | 2993 778.6 | 1554 1598.4 | 337 3019.0 | 363
106.5 | 3137 781.9 | 1244 1601.4 | 235 3021.4 | 394
110.1 | 3246 785.2 687 28729 | 221 3023.7 | 375
113.6 | 2912 788.4 311 2875.3 | 254 3026.1 | 280
117.2 | 2260 808.0 248 2877.7 | 217 3063.8 | 221
120.8 | 1524 814.5 244 2918.8 | 226 3068.5 | 245
124.3 974 817.8 267 2921.2 | 254 3070.9 | 333
127.9 613 8210 320 2923.6 | 326 3073.2 | 306
1314 | 387 824.3 218 2926.0 | 313 3075.6 | 312
135.0 | 242 1092.5 231 2928.4 | 312 3077.9 | 234
230.2 305 1095.6 351 2930.8 | 371
233.7 308 1098.7 343 2933.2 | 349
237.2 374 1161.1 452 2935.6 | 292
240.7 254 1164.2 735 2938.0 | 306
265.2 347 1167.3 | 1175 2940.4 | 286
268.7 | 475 1170.5 | 1365 2954.7 | 220

272.1 | 456 1173.6 | 960 2957.1 | 255
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PREPARATION OF
HYDROXY-BENZYLBENZENE
DERIVATIVES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims foreign priority to PCT Applica-
tion No. PCT/CN2013/001227, filed Oct. 12, 2013, which is
incorporated in its entirety herein for all purposes.

BACKGROUND OF THE INVENTION

The sodium-dependent (“active™) glucose cotransporters
(SGLTs), including SGLT1 (found predominantly in the
intestinal brush border) and SGLT2 (localized in the renal
proximal tubule), have been significantly evaluated. In par-
ticular, SGLT2 has been found to be responsible for the
majority of glucose reuptake by the kidneys Inhibition of
renal SGLT is now considered a useful approach to treating
hyperglycemia by increasing the amount of glucose excreted
in the urine (Arakawa K, et al., Br J Pharmacol 132:578-86,
2001; Oku A, et al., Diabetes 48:1794-1800, 1999). The
potential of this therapeutic approach is further supported by
recent findings that mutations in the SGLT2 gene occur in
cases of familial renal glucosuria, an apparently benign
syndrome characterized by urinary glucose excretion in the
presence of normal serum glucose levels and the absence of
general renal dysfunction or other disease (Santer R, et al.,
J Am Soc Nephrol 14:2873-82, 2003). Therefore, com-
pounds which inhibit SGLT, particularly SGLT2, are prom-
ising candidates for use as antidiabetic drugs (reviewed in
Washburn W N, Expert Opin Ther Patents 19:1485-99,
2009). In addition, since cancer cells show increased glucose
uptake in comparison to their normal counterparts, SGLT
inhibition has been proposed as a method for treating cancer
by starving cancer cells. For example, studies suggest that
SGLT2 plays a role in glucose uptake in metastatic lesions
of lung cancer (Ishikawa N, et al., Jpn J Cancer Res
92:874-9, 2001). Thus, SGLT?2 inhibitors may also be useful
as anticancer agents.

In addition to pharmaceutical activity, a further consid-
eration for the successful development of a medicament is
the parameters which are connected with the physical nature
of the active substance itself. Some of these parameters are
stability of the active substance under various environmental
conditions, stability of the active substance during produc-
tion of the pharmaceutical formulation and the stability of
the active substance in the final medicament compositions.
In order to provide the necessary stability, the pharmaceu-
tically active substance used in the medicament should be as
pure as possible, leading to its stability in long-term storage
under various environmental conditions.

The compounds prepared according to the present inven-
tion have been prepared previously according to the methods
described in W02001/027128, US2004/0230045, US2005/

0124555, US2006/0122126, US2007/0238866, US2007/
0275907, US2008/0242596, US2008/0132563, US2008/
0318874, W02008/034859, US2009/0030006, US2009/
0030198, US2009/0118201, US2009/0156516, US2010/

0056618, US2010/0063141 and W02010/147430.

Other compounds prepared by the methods of the present
invention that have been prepared previously by different
methods can be found in WO2005/003196.

BRIEF SUMMARY OF THE INVENTION

In some embodiments, the present invention provides a
method for preparing the compound Formula I:

@
(RY),

R R!
5 O ()

X
The method includes forming a reaction mixture including a
compound of Formula II:

R2 R!
X l

¢}

an
(R,

The reaction mixture also includes a silane reducing agent,
a catalyst, and a solvent. The reaction mixture is under
conditions suitable to prepare the compound of Formula 1.

Radical X can be bromo or iodo. Radical R' can be
hydrogen, halogen, C,-C, alkyl, C,-C, alkene, C,-C,
alkyne, C;-C, cycloalkyl, or —CN. Each R? and R® can
independently be hydrogen, halo, hydroxy, C,-C; alkyl,
C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-hydroxy, C,;-Cq
cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C; haloalkoxy)
C,-C; alkyl, (C,-C, alkenyloxy)C,-C; alkyl, (C,-C, alkyny-
loxy)C,-C; alkyl, (C;-C4 cycloalkoxy)C,-C; alkyl, C,-C;
hydroxyalkoxy, C;-C4 cycloalkoxy, C;-C4 heterocy-
cloalkoxy, (C,-C; alkoxy)C,-C; alkoxy, (C,-C; haloalkoxy)
C,-C; alkoxy, (C,-C, alkenyloxy)C,-C; alkoxy, (C,-C,
alkynyloxy)C,-C, alkoxy, (C;-C4 cycloalkoxy)C,-C,
alkoxy, (C;-Cg heterocycloalkoxy)C,-C; alkoxy, (C;-Cq
cycloalkyl)C, -C; alkoxy, (C5-Cq4 cycloalkyl)C,-C, alkeny-
loxy, (C;5-C4 cycloalky)C,-C, alkynyloxy, —C(O)H,
—C(0)OH, or —C(0)O—C,-C; alkyl. At least one R> can
be C,-C; alkoxy, C,-C; hydroxyalkoxy, C;-C cycloalkoxy,
C;-Cg heterocycloalkoxy, (C,-C; alkoxy)C, -C; alkoxy, (C, -
C, haloalkoxy)C,-C; alkoxy, (C,-C, alkenyloxy)C,-C,
alkoxy, (C,-C, alkynyloxy)C,-C; alkoxy, (C;-Cq
cycloalkoxy)C,-C; alkoxy, (C;-C, heterocycloalkoxy)C, -
C; alkoxy, (C;-C4 cycloalkyl)C,-C; alkoxy, (C;-Cq
cycloalkyl)C,-C, alkenyloxy or (C;-C4 cycloalkyl)C,-C,
alkynyloxy.

Each R* of Formula I can independently be hydrogen,
halo, —OR**, C,-C, alkyl, C,-C, alkenyl, C,-C, alkoxy,
C,-C; alkyl-hydroxy, C5-C4 cycloalkyl, (C,-C; alkoxy)C, -
C; alkyl, (C,-C; haloalkoxy)C,-C; alkyl, (C,-C, alkeny-
loxy)C,-C; alkyl, (C,-C, alkynyloxy)C,-C; alkyl, (C5-Cq
cycloalkoxy)C,-C; alkyl, C,-C; hydroxyalkoxy, C;-Cq
cycloalkoxy, C;-Cy heterocycloalkoxy, (C,-C; alkoxy)C,-
C; alkoxy, (C,-C; haloalkoxy)C, -C; alkoxy, (C,-C, alkeny-
loxy)C,-C; alkoxy, (C,-C, alkynyloxy)C,-C; alkoxy, (C;-
C¢ cycloalkoxy)C,-C; alkoxy, (C;-C4 heterocycloalkoxy)
C,-C; alkoxy, (C;-C4 cycloalkyl)C,-C; alkoxy, (C;-Cq
cycloalky)C,-C, alkenyloxy, (C;-C4 cycloalkyl)C,-C,
alkynyloxy, —C(O)H, —C(O)OH, or —C(0)0O—C,-C,
alkyl, wherein R** can be hydrogen or a silyl group. At least
one R* of Formula I can be —OR™.

Ring C can be an aryl or a heteroaryl. And ring D can be
absent or an aryl or a heteroaryl. Subscript n can be an
5 integer from 1 to 4. The alkyl, alkoxy, cycloalkyl, alkeny-

loxy, alkynyloxy, cycloalkoxy, hydroxyalkoxy, or heterocy-

cloalkoxy groups or portions thereof of Formulas I and II
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3

and the radicals above can optionally be partially or com-
pletely fluorinated. One or more hydrogen atoms of Formu-
las I and II and the radicals above can optionally be replaced
with deuterium.

In some embodiments, the present invention provides a
crystalline form of the compound having the structure:

/O\/\O/A '

S
O// \\O

In some embodiments, the present invention provides a
crystalline form of a compound of the present invention
which is isotopically labeled.

In some embodiments, the present invention provides a
method of preparing a compound of Formula III:

(1)

S/O\/\O/A ’

A\

o O

wherein the method includes a step (a) of forming a first
reaction mixture including Mg and a compound having the
structure:

o/_\o
o

in tetrahydrofuran solvent, under conditions suitable to form
an intermediate compound having the structure:

HO\/\O /A |

The method also includes a step (b) of contacting the first
reaction mixture with water and 2-methyl-tetrahydrofuran
such that the intermediate of step (a) is substantially dis-
solved in the 2-methyl-tetrahydrofuran. The method also
includes a step (c) of forming a second reaction mixture with
4-methylbenzene-1-sulfonyl chloride (Tosyl-Cl) and the
2-methyl-tetrahydrofuran of step (b) containing the interme-
diate of step (a), under conditions suitable to form the
compound of Formula III.

In some embodiments, the present invention provides a
method for preparing a crystalline form of a compound
having the structure:
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/O\/\O/A

S
O// \\O

wherein the method includes a step (a) of mixing 2-cyclo-
propoxyethyl-4-methylbenzenesulfonate and a first solvent
that is a polar protic solvent to form a solution, and a step
(b) of adding a second solvent to the solution to provide a
mixture, under conditions suitable to form the crystalline
form of the compound.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides a scheme for the preparation of 2-(4-(2-
cyclopropoxyethoxy)benzyl)-1-chloro-4-iodobenzene.

FIG. 2 provides the X-ray powder diffraction (XRPD)
spectra of crystalline 2-cyclopropoxyethyl 4-methylbenze-
nesulfonate prepared from ethanol/water.

FIG. 3 shows an expanded version of the XRPD spectra
in FIG. 2

FIG. 4 provides a Table of XRPD data for the XRPD
spectra in FIG. 2 and FIG. 3.

FIG. 5 provides the X-ray powder diffraction (XRPD)
spectra of crystalline 2-cyclopropoxyethyl 4-methylbenze-
nesulfonate prepared from methanol/heptane.

FIG. 6 provides a Table of XRPD data for the XRPD
spectra in FIG. 5.

FIG. 7 provides the Raman spectra of crystalline 2-cy-
clopropoxyethyl 4-methylbenzenesulfonate prepared from
methanol/heptane.

FIG. 8 provides a Raman peak list for the Raman spectra
in FIG. 7.

FIG. 9 provides a Differential Scanning Calorimetry
(DSC) chart of crystalline 2-cyclopropoxyethyl 4-methyl-
benzenesulfonate prepared from methanol/heptane. The
peak at —0.09° C. is due to melting ice used to cool the
sample.

DETAILED DESCRIPTION OF THE
INVENTION

1. General

The present invention provides methods of preparing
intermediate compounds for the preparation of sodium-
dependent glucose cotransporter SGLT inhibitors. Some
compounds can be prepared in high yield and purity by
performing a simultaneous reduction of a benzophenone
ketone and dealkylation of a methoxyphenyl group using a
boron catalyst and tetramethyldisiloxane in toluene. Other
intermediate compounds can be prepared using a Barbier-
like magnesium mediated intramolecular ring opening/cy-
clization where the product is isolated using 2-methyl-
tetrahydrofuran, which is used as the solvent in the
following step without concentration, affording the product
in high purity and yield. Finally, the present invention also
provides a crystalline compound, and methods for preparing
the crystalline compound.

I1. Definitions

“Forming a reaction mixture” refers to the process of
bringing into contact at least two distinct species such that
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they mix together and can react. It should be appreciated,
however, the resulting reaction product can be produced
directly from a reaction between the added reagents or from
an intermediate from one or more of the added reagents
which can be produced in the reaction mixture.

“Silane reducing agent” refers to an agent used in the
reduction of a ketone and/or a dealkylation step that contains
a silane functional group, “R;Si—H”. Representative silane
reducing agents include, but are not limited to, tetrameth-
yldisiloxane (TMDS), pentamethyldisiloxane (PMDS),
polymethylhydrosiloxane (PMHS), and Et;SiH. Other silane
reducing agents are useful in the methods of the present
invention.

“Catalyst” refers to an agent that increases the rate of a
chemical reaction, but is not itself consumed in the reaction.
The catalysts of the present invention are capable of cata-
lyzing the reduction of a ketone, and of reducing an —OR
group to —OH. Catalysts useful in the present invention
include Lewis acid catalysts having aluminum, boron, sili-
con, tin, titanium, zirconium, iron, copper, or zinc, among
others. Representative catalysts include, but are not limited
to, B(C4F5)s, BF;-Et,0, BF;-THF, BF;-Bu,O, BF;-MeCN,
BF;AcOH, BF,H,PO,, BF,, AICl,, and trimethylsilyl trif-
luoromethanesulfonate (TMSOTY). Other catalysts can be
useful in the methods of the present invention.

“Solvent” refers to a substance, such as a liquid, capable
of dissolving a solute. Solvents can be polar or non-polar,
protic or aprotic. Polar solvents typically have a dielectric
constant greater than about 5 or a dipole moment above
about 1.0, and non-polar solvents have a dielectric constant
below about 5 or a dipole moment below about 1.0. Protic
solvents are characterized by having a proton available for
removal, such as by having a hydroxy or carboxy group.
Aprotic solvents lack such a group. Representative polar
protic solvents include alcohols (methanol, ethanol, propa-
nol, isopropanol, etc.), acids (formic acid, acetic acid, etc.)
and water. Representative polar aprotic solvents include
dichloromethane, chloroform, tetrahydrofuran, diethyl ether,
acetone, ethyl acetate, dimethylformamide, acetonitrile and
dimethyl sulfoxide. Representative non-polar solvents
include alkanes (pentanes, hexanes, etc.), cycloalkanes (cy-
clopentane, cyclohexane, etc.), benzene, toluene, and 1,4-
dioxane. Other solvents are useful in the present invention.

“Alkyl” alone or in combination refers to a monovalent
saturated aliphatic hydrocarbon radical having the indicated
number of carbon atoms. The radical may be a linear or
branched chain and, where specified, optionally substituted
with one to three suitable substituents as defined below.
Iustrative examples of alkyl groups include, but are not
limited to, methyl, ethyl, n-propyl, n-butyl, n-pentyl,
n-hexyl, isopropyl, isobutyl, isopentyl, amyl, sec-butyl, tert-
butyl, tert-pentyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-do-
decyl, n-tetradecyl, n-hexadecyl, n-octadecyl, n-eicosyl and
the like. Preferred alkyl groups include methyl, ethyl, n-pro-
pyl and isopropyl. Preferred optional suitable substituents
include halo, methoxy, ethoxy, cyano, nitro and amino.

“Alkoxy” and “alkyloxy” alone or in combination refer to
an aliphatic radical of the form alkyl-O—, wherein alkyl is
as defined above. Illustrative examples of alkoxy groups
include, but are not limited to, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, tertiary butoxy, pentoxy,
isopentoxy, neopentoxy, tertiary pentoxy, hexoxy, iso-
hexoxy, heptoxy, octoxy and the like. Preferred alkoxy
groups include methoxy and ethoxy.

“Alkenyl” alone or in combination refers to a monovalent
aliphatic hydrocarbon radical having the indicated number
of carbon atoms and at least one carbon-carbon double bond.
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The radical may be a linear or branched chain, in the E or
Z form, and where specified, optionally substituted with one
to three suitable substituents as defined below. Illustrative
examples of alkenyl groups include, but are not limited to,
vinyl, 1-propenyl, 2-propenyl, isopropenyl, 1-butenyl,
2-butenyl, isobutenyl, 2-methyl-1-propenyl, 1-pentenyl,
2-pentenyl, 4-methyl-2-pentenyl, 1,3-pentadienyl, 2,4-pen-
tadienyl, 1,3-butadienyl and the like. Preferred alkenyl
groups include vinyl, 1-propenyl and 2-propenyl. Preferred
optional suitable substituents include halo, methoxy, ethoxy,
cyano, nitro and amino.

“Alkenyloxy” alone or in combination refer to an ali-
phatic radical of the form alkenyl-O—, wherein alkenyl is as
defined above. Illustrative examples of alkenyloxy groups
include, but are not limited to, vinyloxy, 1-propenyloxy,
2-propenyloxy, isopropenyloxy, 1-butenyloxy, 2-buteny-
loxy, 3-butenyloxy, 1-isobutenyloxy, 2-isobutenyloxy,
1-pentenyloxy, 2-pentenyloxy, 3-pentenyloxy, 4-penteny-
loxy, and the like.

“Alkynyl” alone or in combination refers to a monovalent
aliphatic hydrocarbon radical having the indicated number
of carbon atoms and at least one carbon-carbon triple bond.
The radical may be a linear or branched chain and, where
specified, optionally substituted with one to three suitable
substituents as defined below. Illustrative examples of alky-
nyl groups include, but are not limited to, ethynyl, 1-pro-
pynyl, 2-propynyl, 1-butynyl, 2-butynyl, 1-pentynyl, 2-pen-
tynyl, 3-methyl-1-pentynyl, 3-pentynyl, 1-hexynyl,
2-hexynyl, 3-hexynyl and the like. Preferred alkynyl groups
include ethynyl, 1-propynyl and 2-propynyl. Preferred
optional suitable substituents include halo, methoxy, ethoxy,
cyano, nitro and amino.

“Alkynyloxy” alone or in combination refer to an ali-
phatic radical of the form alkynyl-O—, wherein alkynyl is
as defined above. [llustrative examples of alkynyloxy groups
include, but are not limited to, ethynyloxy, 1-propynyloxy,
2-propynyloxy, 1-butynyloxy, 2-butynyloxy, 3-butynyloxy,
1-pentynyloxy, 2-pentynyloxy, 3-pentynyloxy, 4-pentyny-
loxy, 1-hexynyloxy, 2-hexynyloxy, 3-hexynyloxy and the
like.

“Halo” or “halogen” means a monovalent halogen radical
or atom selected from fluoro, chloro, bromo and iodo.
Preferred halo groups are fluoro, chloro and bromo.

“Haloalkyl” refers to an alkyl radical as described above
substituted with one or more halogens. [llustrative examples
ot haloalkyl groups include, but are not limited to, chlorom-
ethyl, dichloromethyl, fluoromethyl, difluoromethyl, trifluo-
romethyl, 2,2,2-trichloroethyl and the like.

“Haloalkoxy” refers to an alkoxy radical as described
above substituted with one or more halogens. Illustrative
examples of haloalkoxy groups include, but are not limited
to, trifluoromethoxy, diffuoromethoxy and the like.

“Hydroxy” refers to the group “—OH”.

“Alkylhydroxy” refers to an alkyl group, as defined
above, where at least one of the hydrogen atoms is replaced
with a hydroxy group. As for the alkyl group, alkylhydroxy
groups can have any suitable number of carbon atoms, such
as C,_,. Exemplary alkylhydroxy groups include, but are not
limited to, hydroxy-methyl, hydroxyethyl (where the
hydroxy is in the 1- or 2-position), hydroxypropyl (where
the hydroxy is in the 1-, 2- or 3-position), hydroxybutyl
(where the hydroxy is in the 1-, 2-, 3- or 4-position),
hydroxypentyl (where the hydroxy is in the 1-, 2-, 3-, 4- or
S-position), hydroxyhexyl (where the hydroxy is in the 1-,
2-,3-, 4-, 5- or 6-position), 1,2-dihydroxyethyl, and the like.

“Hydroxyalkoxy” and ‘“hydroxyalkyloxy” alone or in
combination refer to an aliphatic radical of the form HO-
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alkoxy-, wherein alkoxy is as defined above. Illustrative
examples of hydroxyalkoxy groups include, but are not
limited to, hydroxymethoxy, hydroxyethoxy, hydroxy-
ethoxy, hydroxypropoxy, hydroxyisopropoxy, hydroxybu-
toxy, hydroxyisobutoxy, hydroxy-tert-butoxy, hydroxypen-
toxy, hydroxyisopentoxy, hydroxyhexoxy,
hydroxyisohexoxy, hydroxyheptoxy, hydroxyoctoxy and the
like.

“Cycloalkyl” alone or in combination refers to a mon-
ovalent alicyclic saturated hydrocarbon radical having three
or more carbons forming a carbocyclic ring and, where
specified, optionally substituted with one to three suitable
substituents as defined below. Illustrative examples of
cycloalkyl groups include, but are not limited to, cyclopro-
pyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl and the like. Preferred optional suit-
able substituents include halo, methyl, ethyl, methoxy,
ethoxy, cyano, nitro and amino.

“Cycloalkoxy” alone or in combination refer to an ali-
phatic radical of the form cycloalkyl-O—, wherein
cycloalkyl is as defined above. Illustrative examples of
cycloalkoxy groups include, but are not limited to, cyclo-
propoxy, cyclobutoxy and cyclopentoxy.

“Heterocycloalkyl” alone or in combination refers to a
cycloalkyl group as defined above in which one or more
carbons in the ring is replaced by a heteroatom selected from
N, S and O. llustrative examples of heterocycloalkyl groups
include, but are not limited to, pyrrolidinyl, tetrahydrofura-
nyl, piperazinyl, tetrahydropyranyl, and the like.

“Heterocycloalkoxy” alone or in combination refer to an
aliphatic radical of the form heterocycloalkyl-O—, wherein
heterocycloalkyl is as defined above. Illustrative examples
of heterocycloalkoxy groups include, but are not limited to,
tetrahydrofuranoxy, pyrrolidinoxy and tetrahydrothiophe-
noxy.

“Aryl” refers to a monocyclic or fused bicyclic, tricyclic
or greater, aromatic ring assembly containing 6 to 16 ring
carbon atoms. For example, aryl may be phenyl, benzyl or
naphthyl, preferably phenyl. “Arylene” means a divalent
radical derived from an aryl group. Aryl groups can be
mono-, di- or tri-substituted by one, two or three radicals
selected from alkyl, alkoxy, aryl, hydroxy, halogen, cyano,
amino, amino-alkyl, triffuoromethyl, alkylenedioxy and
oxy-C,-C;-alkylene; all of which are optionally further
substituted with substituents as defined below; or 1- or
2-naphthyl; or 1- or 2-phenanthrenyl. Alkylenedioxy is a
divalent substitute attached to two adjacent carbon atoms of
phenyl, e.g. methylenedioxy or ethylenedioxy. Oxy-C,-C;-
alkylene is also a divalent substituent attached to two
adjacent carbon atoms of phenyl, e.g. oxyethylene or oxy-
propylene. An example for oxy-C,-C;-alkylene-phenyl is
2,3-dihydrobenzofuran-5-yl.

Preferred as aryl is naphthyl, phenyl or phenyl mono- or
disubstituted by alkoxy, phenyl, halogen, alkyl or trifluo-
romethyl, especially phenyl or phenyl-mono- or disubsti-
tuted by alkoxy, halogen or trifluoromethyl, and in particular
phenyl.

“Heteroaryl” refers to a monocyclic or fused bicyclic or
tricyclic aromatic ring assembly containing 5 to 16 ring
atoms, where from 1 to 4 of the ring atoms are a heteroatom
each N, O or S. For example, heteroaryl includes pyridyl,
indolyl, indazolyl, quinoxalinyl, quinolinyl, isoquinolinyl,
benzothienyl, benzofuranyl, furanyl, pyrrolyl, thiazolyl,
benzothiazolyl, oxazolyl, isoxazolyl, triazolyl, tetrazolyl,
pyrazolyl, imidazolyl, thienyl, or any other radicals substi-
tuted, especially mono- or di-substituted, by e.g. alkyl, nitro
or halogen. Pyridyl represents 2-, 3- or 4-pyridyl, advanta-
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geously 2- or 3-pyridyl. Thienyl represents 2- or 3-thienyl.
Quinolinyl represents preferably 2-; 3- or 4-quinolinyl.
Isoquinolinyl represents preferably 1-, 3- or 4-isoquinolinyl.
Benzopyranyl, benzothiopyranyl represents preferably
3-benzopyranyl or 3-benzothiopyranyl, respectively. Thiaz-
olyl represents preferably 2- or 4-thiazolyl, and most pre-
ferred, 4-thiazolyl. Triazolyl is preferably 1-, 2- or 5-(1,2,
4-triazolyl). Tetrazolyl is preferably S-tetrazolyl.

Preferably, heteroaryl is pyridyl, indolyl, quinolinyl, pyr-
rolyl, thiazolyl, isoxazolyl, triazolyl, tetrazolyl, pyrazolyl,
imidazolyl, thienyl, furanyl, benzothiazolyl, benzofuranyl,
isoquinolinyl, benzothienyl, oxazolyl, indazolyl, or any of
the radicals substituted, especially mono- or di-substituted.

“Silyl group” refers to a silyl group of the formula
—Si(R),, wherein each R can be any suitable group such as,
but not limited to, hydrogen, alkyl, alkenyl, alkynyl, aryl,
and —OSi(R");, wherein each R' can be any suitable group
such as, but not limited to, hydrogen, alkyl, alkenyl, alkynyl,
aryl or polysiloxane. Representative silyl groups include, but
are not limited to, dimethylsilane, diethylsilane, trimethyl-
silyl, triethylsilyl, tertbutyldimethylsilyl, tetramethyldisi-
loxyl (—Si(Me),08i(Me),H), pentamethyldisiloxyl (—Si
(Me),OSi(Me);), and polymethylhydrosiloxyl (-(Me)(H)
Si—O0—),—).

“Acid” refers to a compound that is capable of donating
a proton (H*) under the Bronsted-Lowry definition, or is an
electron pair acceptor under the Lewis definition. Acids
useful in the present invention are Bronsted-Lowry acids
that include, but are not limited to, alkanoic acids or car-
boxylic acids (formic acid, acetic acid, citric acid, lactic
acid, oxalic acid, etc.), sulfonic acids and mineral acids, as
defined herein. Mineral acids are inorganic acids such as
hydrogen halides (hydrofluoric acid, hydrochloric acid, hyd-
robromice acid, etc.), halogen oxoacids (hypochlorous acid,
perchloric acid, etc.), as well as sulfuric acid, nitric acid,
phosphoric acid, chromic acid and boric acid. Sulfonic acids
include methanesulfonic acid, benzenesulfonic acid, p-tolu-
enesulfonic acid, trifluoromethanesulfonic acid, among oth-
ers.

“Suitable substituent” means a chemically and pharma-
ceutically acceptable group, i.e., a moiety that does not
significantly interfere with the preparation of or negate the
efficacy of the inventive compounds. Such suitable substitu-
ents may be routinely chosen by those skilled in the art.
Suitable substituents may be selected from the group con-
sisting of halo, C,-Cy alkyl, C,-C, alkenyl, C,-C, haloalkyl,
C,-Cq alkoxy, C,-C, haloalkoxy, C,-C, alkynyl, C,;-Cq
cycloalkenyl, (C;-Cg cycloalkyl)C,-C, alkyl, (C;5-Cq
cycloalkyl)C,-C; alkenyl, (C;-Cy4 cycloalkyl)C,-C, alkoxy,
C;-C, heterocycloalkyl, (C;-C, heterocycloalkyl)C,-Cg
alkyl, (C5-C, heterocycloalkyl)C,-Cy alkenyl, (C;-C, het-
erocycloalkyl)C, -C4 alkoxy, hydroxy, carboxy, oxo, sulfa-
nyl, C,-C, alkylsulfanyl, aryl, heteroaryl, aryloxy, het-
eroaryloxy, aralkyl, heteroaralkyl, aralkoxy, heteroaralkoxy,
nitro, cyano, amino, C,-C, alkylamino, di-(C,-C, alkyl)
amino, carbamoyl, (C,-C, alkyl)carbonyl, (C,-C, alkoxy)
carbonyl, (C,-C, alkyl)aminocarbonyl, di-(C,-C alkyl)am-
inocarbonyl, arylcarbonyl, aryloxycarbonyl, (C,-C¢ alkyl)
sulfonyl, and arylsulfonyl. The groups listed above as
suitable substituents are as defined hereinafter except that a
suitable substituent may not be further optionally substi-
tuted.

“Fluorinated” refers to a radical as described above where
at least one hydrogen is replaced with a fluorine. When all
the available hydrogens are replaced with fluorine, the group
can be referred to as “perfluorinated” or “perfluoro”, such as
“perfluoroalkyl”, “perfluoromethyl” or “perfluorophenyl”.
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“Substantially dissolved” refers to a compound, product
or solute dissolved in a solvent, where the majority of the
solute is dissolved in the solvent. For example, at least about
75%, 80, 85, 90, 95, or 99% of the solute can be dissolved
in the solvent.

II1. Methods for Simultaneous Reduction

The present invention provides a method of preparing
compounds by simultaneously reducing a ketone and
dealkylating an —OR group to form —OH. In some
embodiments, the present invention provides a method for
preparing the compound Formula I:

@
(RY),

R2 R!
< ‘ G .

The method includes forming a reaction mixture including a
compound of Formula II:

an
(RY),

RZ R!
X O a e
0

The reaction mixture also includes a silane reducing agent,
a catalyst, and a solvent. The reaction mixture is under
conditions suitable to prepare the compound of Formula 1.

Radical X can be bromo or iodo. Radical R' can be
hydrogen, halogen, C,-C; alkyl, C,-C, alkene, C,-C,
alkyne, C,-C, cycloalkyl, or —CN. Each R* and R? can
independently be hydrogen, halo, hydroxy, C,-C; alkyl,
C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-hydroxy, C;-Cq
cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C; haloalkoxy)
C,-C; alkyl, (C,-C, alkenyloxy)C, -C; alkyl, (C,-C, alkyny-
loxy)C,-C; alkyl, (C,;-C4 cycloalkoxy)C,-C; alkyl, C,-C,
hydroxyalkoxy, C;-C4 cycloalkoxy, C;-C4 heterocy-
cloalkoxy, (C,-C, alkoxy)C,-C; alkoxy, (C,-C, haloalkoxy)
C,-C; alkoxy, (C,-C, alkenyloxy)C,-C; alkoxy, (C,-C,
alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C,-C;
alkoxy, (C;-Cg heterocycloalkoxy)C,-C; alkoxy, (C;-Cq
cycloalky)C, -C; alkoxy, (C;-Cq4 cycloalkyl)C,-C, alkeny-
loxy, (C;-Cy4 cycloalky)C,-C, alkynyloxy, —C(O)H,
—C(0)OH, or —C(0)O—C,-C; alkyl. At least one R> can
be C,-C; alkoxy, C,-C; hydroxyalkoxy, C;-C cycloalkoxy,
C;-C; heterocycloalkoxy, (C,-C; alkoxy)C, -C; alkoxy, (C, -
C; haloalkoxy)C,-C; alkoxy, (C,-C, alkenyloxy)C,-C;

alkoxy, (C,-C, alkynyloxy)C,-C; alkoxy, (C;-Cq
cycloalkoxy)C,-C; alkoxy, (C;-Cg4 heterocycloalkoxy)C, -
C, alkoxy, (C;-C4 cycloalkyl)C,-C, alkoxy, (C;-Cq

cycloalky)C,-C, alkenyloxy or (C;-C¢ cycloalkyl)C,-C,
alkynyloxy.

Each R* of Formula I can independently be hydrogen,
halo, —OR™*, C,-C, alkyl, C,-C, alkenyl, C,-C, alkoxy,
C,-C; alkyl-hydroxy, C5-C4 cycloalkyl, (C,-C; alkoxy)C, -
C; alkyl, (C,-C; haloalkoxy)C,-C; alkyl, (C,-C, alkeny-
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loxy)C,-C; alkyl, (C,-C, alkynyloxy)C,-C; alkyl, (C5-Cq
cycloalkoxy)C,-C, alkyl, C,-C; hydroxyalkoxy, C,-Cq
cycloalkoxy, C;-Cg heterocycloalkoxy, (C,-C; alkoxy)C, -
C; alkoxy, (C,-C; haloalkoxy)C, -C; alkoxy, (C,-C, alkeny-
loxy)C,-C; alkoxy, (C,-C, alkynyloxy)C,-C; alkoxy, (C;-
C¢ cycloalkoxy)C,-C; alkoxy, (C;-C4 heterocycloalkoxy)
C,-C; alkoxy, (C;-C4 cycloalkyl)C,-C; alkoxy, (C;-Cq
cycloalky)C,-C, alkenyloxy, (C;-C4 cycloalkyl)C,-C,
alkynyloxy, —C(O)H, —C(O)OH, or —C(0)0O—C,-C,
alkyl, wherein R** can be hydrogen or a silyl group. At least
one R* of Formula I can be —OR™.

Ring C can be an aryl or a heteroaryl. And ring D can be
absent or an aryl or a heteroaryl. Subscript n can be an
integer from 1 to 4. The alkyl, alkoxy, cycloalkyl, alkeny-
loxy, alkynyloxy, cycloalkoxy, hydroxyalkoxy, or heterocy-
cloalkoxy groups or portions thereof of Formulas I and II
and the radicals above can optionally be partially or com-
pletely fluorinated. One or more hydrogen atoms of Formu-
las I and II and the radicals above can optionally be replaced
with deuterium.

In some embodiments, the compound of Formula I can
have the structure of Formula Ia:

Ta

R2 R!

=

R,

X

and the compound of Formula II can have the structure of
Formula Ila:

(11a)
RZ

A,
O

In some embodiments, the compound of Formula Ia can
have the structure:

R2 R! R*
x

and the compound of Formula Ila can have the structure:

RZ Il R! I R?
X
O .

Radical X of Formula I can be bromo or iodo. In some
embodiments, X can be iodo.

R! of Formula I can be any suitable group. In some
embodiments, R' can be hydrogen, halogen, C,-C; alkyl,
C,-C, alkene, C,-C, alkyne, C;-C, cycloalkyl, or —CN. R!
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can also be halogen or C,-C; alkyl. In some embodiments,
R! can be halogen. When R' is halogen, R! can be fluoro,
chloro, bromo or iodo. In some embodiments, R' can be
chloro.

Radical R? can be hydrogen, halo, hydroxy, C,-C, alkyl,
C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-hydroxy, C;-Cq
cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C; haloalkoxy)
C,-C; alkyl, (C,-C, alkenyloxy)C,-C; alkyl, (C,-C, alkyny-
loxy)C,-C; alkyl, (C;-C4 cycloalkoxy)C,-C; alkyl, C,-C;
hydroxyalkoxy, C;-C4 cycloalkoxy, C;-C4 heterocy-
cloalkoxy, (C,-C, alkoxy)C,-C; alkoxy, (C,-C, haloalkoxy)
C,-C; alkoxy, (C,-C, alkenyloxy)C,-C; alkoxy, (C,-C,
alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C,-C;
alkoxy, (C;-C4 heterocycloalkoxy)C,-C; alkoxy, (C,;-Cq
cycloalky)C, -C; alkoxy, (C;-Cq4 cycloalkyl)C,-C, alkeny-
loxy, (C;5-C4 cycloalky)C,-C, alkynyloxy, —C(O)H,
—C(O)OH, or —C(0)O—C,-C; alkyl. In some embodi-
ments, R? can be hydrogen or C,-C; alkyl. In some embodi-
ments, R* can be hydrogen.

Each R? can independently be hydrogen, halo, hydroxy,
C,-C; alkyl, C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-
hydroxy, C,-C, cycloalkyl, (C,-C, alkoxy)C,-C; alkyl, (C,-
C; haloalkoxy)C, -C; alkyl, (C,-C, alkenyloxy)C,-C; alkyl,
(C,-C, alkynyloxy)C,-C; alkyl, (C,-C,4 cycloalkoxy)C,-C;
alkyl, C,-C; hydroxyalkoxy, C;-C cycloalkoxy, C;-Cg het-
erocycloalkoxy, (C,-C; alkoxy)C,-C; alkoxy, (C,-C;
haloalkoxy)C,-C; alkoxy, (C,-C, alkenyloxy)C, -C, alkoxy,
(C,-C, alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C, -
C, alkoxy, (C;-C heterocycloalkoxy)C,-C; alkoxy, (C5-Cq
cycloalky)C, -C; alkoxy, (C;-Cq4 cycloalkyl)C,-C, alkeny-
loxy, (C;5-C4 cycloalky)C,-C, alkynyloxy, —C(O)H,
—C(O)OH, or —C(0)O—C,-C; alkyl. In some embodi-
ments, each R® can independently be C,-C; alkoxy, C,-C,
hydroxyalkoxy, C;-C, cycloalkoxy, C;-C; heterocy-
cloalkoxy, (C,-C; alkoxy)C,-C; alkoxy, (C,-C; haloalkoxy)
C,-C; alkoxy, (C,-C, alkenyloxy)C,-C; alkoxy, (C,-C,
alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C,-C;
alkoxy, (C;-Cg heterocycloalkoxy)C,-C; alkoxy, (C;-Cq
cycloalkyl)C,-C; alkoxy, (C;-C4 cycloalkyl)C,-C, alkeny-
loxy or (C;-Cg cycloalkyl)C,-C, alkynyloxy. In some
embodiments, each R* can independently be C,-C, alkoxy
or C4-C,4 cycloalkoxy. In some embodiments, each R* can
independently be C,-C; alkoxy. In some embodiments, each
R? can independently be methoxy, ethoxy, propoxy, or
isopropoxy. In some embodiments, R® can be methoxy.

Each R* can independently be hydrogen, halo, —OR™**,
C,-C; alkyl, C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-
hydroxy, C,-C, cycloalkyl, (C,-C, alkoxy)C,-C; alkyl, (C,-
C; haloalkoxy)C, -C; alkyl, (C,-C, alkenyloxy)C,-C; alkyl,
(C,-C, alkynyloxy)C,-C; alkyl, (C,-C,4 cycloalkoxy)C,-C;
alkyl, C,-C; hydroxyalkoxy, C;-C cycloalkoxy, C;-Cg het-
erocycloalkoxy, (C,-C; alkoxy)C,-C; alkoxy, (C,-C;
haloalkoxy)C,-C; alkoxy, (C,-C, alkenyloxy)C, -C, alkoxy,
(C,-C, alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C, -
C, alkoxy, (C;-C heterocycloalkoxy)C,-C; alkoxy, (C5-Cq
cycloalky)C, -C; alkoxy, (C;-Cq4 cycloalkyl)C,-C, alkeny-
loxy, (C;5-C4 cycloalky)C,-C, alkynyloxy, —C(O)H,
—C(0)OH, or —C(0)O—C,-C; alkyl, wherein R** can be
hydrogen or a silyl group. In some embodiments, at least one
R* can be —OR™. In some embodiments R* can be —OH.
In some embodiments, R* can be —O-silyl group.

In some embodiments, R! can be chloro, R? can be H, R?
can be C,-C, alkoxy, and R* can be —OR**. In some
embodiments, R' can be chloro, R can be H, R* can be
methoxy, and R* can be —OR**. In some embodiments, R*
can be —OH.
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In some embodiments, subscript n can be an integer from
1 to 4. In some embodiments, subscript n can be 1.

Ring C can be any suitable aryl or heteroaryl ring. Aryl
rings useful for ring C include, but are not limited to, phenyl,
naphthyl and biphenyl. Heteroaryl rings useful for ring C
include, but are not limited to, pyrrole, pyridine, pyran,
thiophene, thiopyran, thiazole, imidazole, thiadiazole, pyra-
zine, pyrimidine, pyridazine, indole and benzothiophene. In
some embodiments, ring C can be phenyl, thiadiazole or
benzothiophene. In other embodiments, ring C can be phe-
nyl. In some other embodiments, ring C can be thiadiazole.

Ring D can be absent or any suitable heteroaryl ring.
Heteroaryl rings useful for ring D include, but are not
limited to, pyrrole, pyridine, pyran, thiophene, thiopyran,
thiazole, imidazole, thiadiazole, pyrazine, pyrimidine,
pyridazine, indole and benzothiophene. In some embodi-
ments, ring D can be absent. In other embodiments, ring D
can be furan, thiophene or pyrazine.

In some embodiments, ring C can be phenyl and ring D
can be absent. In other embodiments, ring C can be benzo-
thiophene and ring D can be absent. In some other embodi-
ments, ring C can be thiadiazole and ring D can be furan,
thiophene or pyrazine.

In some embodiments, R' can be chloro, R* can be H, R?
can be methoxy, R* can be hydroxy, subscript n can be 1,
ring C can be phenyl and ring D can be absent.

Any suitable silane reducing agent can be used in the
method of the present invention. Representative silane
reducing agents include, but are not limited to, tetrameth-
yldisiloxane (TMDS), pentamethyldisiloxane (PMDS),
polymethylhydrosiloxane (PMHS), Et;SiH, Ph,MeSiH,
Ph,SiH,, among others. Other silane reducing agents can be
found in the Gelest catalog “Silicon, Germanium & Tin
Compounds, Metal Alkoxides and Metal Diketonates™ and
the supplement “Silicon-Based Reducing Agents”. In some
embodiments, the silane reducing agent can be tetrameth-
yldisiloxane (TMDS), pentamethyldisiloxane (PMDS),
polymethylhydrosiloxane (PMHS), or Et;SiH. In some
embodiments, the silane reducing agent can be tetrameth-
yldisiloxane (TMDS), pentamethyldisiloxane (PMDS), or
Et;SiH. In some embodiments, the silane reducing agent can
be tetramethyldisiloxane (TMDS), or pentamethyldisiloxane
(PMDS). In some embodiments, the silane reducing agent
can be tetramethyldisiloxane (TMDS).

The silane reducing agent can be present in any suitable
amount. For example, the silane reducing agent can be
present in an amount of at least 1.0 eq. (mol/mol) to the
compound of Formula 11, such as about 1.0, 2, 3,4, 5, 6,7,
8, 9, or about 10.0 eq. (mol/mol). The silane reducing agent
can also be present in an amount of from about 1.0 to about
10.0 eq. (mol/mol) to the compound of Formula II, such as
of from about 1.0 to about 5.0 eq. (mol/mol), or of from
about 1.0 to about 2.0 eq. (mol/mol). In some embodiments,
the silane reducing agent can be present in an amount of
from about 1.0 to about 5.0 eq. (mol/mol) to the compound
of Formula II. In some embodiments, the silane reducing
agent can be present in an amount of from about 1.0 to about
2.0 eq. (mol/mol) to the compound of Formula II.

Any suitable catalyst can be used in the method of the
present invention. Representative catalysts include Lewis
acid catalysts, B(C4F),, BF;-Et,0, BF;-THF, BF;-Bu,O,
BF;-MeCN, BF,AcOH, BF;H,PO,, BF,, AlCl;, TMSOTHT,
and others. In some embodiments, the catalyst can be
B(C4Fs);, BF;-THF, BF;-Bu,O, BF;-MeCN, BF,AcOH,
BF;H;PO,, BF;, or TMSOTTf. In some embodiments, the
catalyst can be B(C4F5);, —BF;-THF, BF;-Bu,O, BF;-
MeCN, BF;AcOH, BF;H;PO,, or BF;. In some embodi-
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ments, the catalyst can be B(C4F5); or TMSOTH. In some
embodiments, the catalyst can be B(C.F),. Other catalysts
useful in the present invention are known in the art and
include those having at least one perfluorinated phenyl, such
as B(C4F5)(R),, wherein each R can be any suitable sub-
stituent, as described above. In some embodiments, the
catalyst can be a mixture of B(C,F;),, BF;-Et,0, BF;-THF,
BF;-Bu,O, BF;-MeCN, BF;AcOH, BF;H,PO,, BF;, AlCl,,
or TMSOTT.

The catalyst of the present invention can be present in any
suitable amount. For example, the catalyst can be present in
an amount of less than 1.0 eq. (mol/mol) to the compound
of Formula II, or less than about 0.5, 0.4, 0.3, 0.2 or less than
about 0.1 eq. (mol/mol). The catalyst can also be present in
an amount of from about 0.0001 to about 0.1 eq. (mol/mol)
to the compound of Formula II. In some embodiments, the
catalyst can be present in an amount of less than about 0.1
eq. (mol/mol) to the compound of Formula II. The catalyst
can also be present in an amount of from about 0.0001 to
about 0.1 eq. (mol/mol) to the compound of Formula II. In
some embodiments, the catalyst can be present in an amount
of less than about 0.01 eq. (mol/mol) to the compound of
Formula II. The catalyst can also be present in an amount of
from about 0.0001 to about 0.01 eq. (mol/mol) to the
compound of Formula II.

The reagents used in the methods of the present invention
can be combined in any suitable order. For example, the
silane reducing agent and the catalyst can be combined in a
first solution which can then be added to a second solution
of the compound of Formula II. In some embodiments, the
method of forming the compound of Formula I includes
forming a first solution of the silane reducing agent and the
catalyst, and adding the first solution to a second solution of
the compound of Formula II, thus forming the reaction
mixture for preparing the compound of Formula 1. Alterna-
tively, the second solution of the compound of Formula II
can be added to the first solution of the silane reducing agent
and the catalyst. In some embodiments, the method of
forming the compound of Formula I includes forming a first
solution of the silane reducing agent and the catalyst, and
adding a second solution of the compound of Formula II to
the first solution, thus forming the reaction mixture for
preparing the compound of Formula 1.

In some embodiments, one or more of the reagents can be
divided into two or more portions for addition to the reaction
mixture. For example, the silane reducing agent can be
divided into two portions where the first portion of the silane
reducing agent can be combined with the compound For-
mula II to form a first solution, and the second portion of the
silane reducing agent can be combined with the catalyst to
form a second solution. The first solution having the first
portion of the silane reducing agent and the compound
Formula II can then be added to the second solution having
the second portion of the silane reducing agent and the
catalyst. The first and second portions of the silane reducing
agent can be substantially equal or not equal. For example,
the ratio of first portion to the second portion of the silane
reducing agent can be from about 1:20 to about 20:1, or
about 1:10, 1:9, 1:8, 1:7, 1:6, 1:5, 1:4, 1:3, 1:2, 1:1, 2:1, 3:1,
4:1, 5:1, 6:1, 7:1, 8:1, 9:1 or about 10:1. In some embodi-
ments, the method of forming the compound of Formula I
includes forming a first solution of a compound of Formula
II and a first portion of a silane reducing agent, forming a
second solution of a catalyst and a second portion of the
silane reducing agent, and adding the first solution to the
second solution, thus forming the reaction mixture for
preparing the compound of Formula I. In some embodi-
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ments, the ratio of the first and second portions of the silane
reducing agent can be about 1:1.

Any suitable solvent can be used in the method of the
present invention. Representative solvents include, but are
not limited to, pentane, pentanes, hexane, hexanes, heptane,
heptanes, petroleum ether, cyclopentanes, cyclohexanes,
benzene, toluene, xylene, trifluoromethylbenzene, haloben-
zenes such as chlorobenzene, fluorobenzene, dichloroben-
zene and difluorobenzene, methylene chloride, chloroform,
or combinations thereof. The solvents can include those
where the compounds of Formula I and II can be poorly
soluble or insoluble in the solvent, forming a suspension or
a heterogeneous reaction mixture. In some embodiments, the
solvent can be pentanes, hexanes, heptanes, cyclopentanes,
cyclohexanes, benzene, toluene, xylene, trifluoromethylben-
zene, chlorobenzene, or combinations thereof. In some
embodiments, the solvent can be pentanes, hexanes, hep-
tanes, cyclopentanes, cyclohexanes, or combinations
thereof. In some embodiments, the solvent can be pentanes,
hexanes, heptanes, or combinations thereof. In some
embodiments, the solvent can be heptanes. In some embodi-
ments, the solvent can be toluene. In some embodiments, the
reaction mixture can be a heterogeneous reaction mixture. In
some embodiments, the reaction mixture can be a suspen-
sion.

The reaction mixture of the method can be at any suitable
temperature. For example, the temperature of the reaction
mixture can be of from about -=78° C. to about 100° C., or
of from about -50° C. to about 100° C., or of from about
-25° C. to about 50° C., or of from about —10° C. to about
25° C., or of from about 0° C. to about 20° C. In some
embodiments, the temperature of the reaction mixture can be
of from about -25° C. to about 50° C. In some embodiments,
the temperature of the reaction mixture can be of from about
-10° C. to about 25° C. In some embodiments, the tem-
perature of the reaction mixture can be of from about 0° C.
to about 20° C.

The reaction mixture of the method can be at any suitable
pressure. For example, the reaction mixture can be at
atmospheric pressure. The reaction mixture can be also be
exposed to any suitable environment, such as atmospheric
gasses, or inert gasses such as nitrogen or argon.

The method of the present invention can provide the
compound of Formula I in any suitable yield. For example,
the compound of Formula I can be prepared in a yield of at
least about 50%, 55, 60, 65, 70, 75, 80, 85, 90 or at least
about 95%. In some embodiments, the compound of For-
mula I can be prepared in at least 75% yield. In some
embodiments, the compound of Formula I can be prepared
in at least 90% yield. In some embodiments, the compound
of Formula I can be prepared in at least 95% yield.

The method of the present invention can provide the
compound of Formula I in any suitable purity. For example,
the compound of Formula I can be prepared in a purity of at
least about 90, 95, 96, 97, 98 or at least about 99%. In some
embodiments, the compound of Formula I can be prepared
in at least 95% purity. In some embodiments, the compound
of Formula I can be prepared in at least 98% purity. In some
embodiments, the compound of Formula I can be prepared
in at least 99% purity.

R** can be any suitable silyl group. Silyl groups suitable
in the present invention can have the formula —Si(R);,
wherein each R can be any suitable group such as, but not
limited to, hydrogen, alkyl, alkenyl, alkynyl, aryl, and
—OSi(R");, wherein each R' can be any suitable group such
as, but not limited to, hydrogen, alkyl, alkenyl, alkynyl, aryl
or polyhydrosiloxane. In some embodiments, all the R
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groups are alkyl. In some embodiments, at least one R group
can be —OSi(R"),. When at least one R group can be
—OSi(R");, each R' group can be hydrogen, alkyl or poly-
hydrosilxane. In some embodiments, R** can be dimethyl-
silane, diethylsilane, trimethylsilyl, triethylsilyl, tertbu-
tyldimethylsilyl,  tetramethyldisiloxyl  (—Si(Me),OSi
(Me),H), pentamethyldisiloxyl (—Si(Me),0Si(Me);), or
polymethylhydrosiloxyl (-(Me)(H)Si—O—),—). In some
embodiments, R** can be triethylsilane, tetramethyldisiloxyl
(—Si(Me),0Si(Me),H), pentamethyldisiloxyl (—Si(Me),
OSi(Me),), or polymethylhydrosiloxyl (-(Me)(H)Si—
0O—),—). In some embodiments, R** can be tetramethyld-
isiloxyl (—Si(Me),OSi(Me),H).

When R*® is a silyl group, the method of the present
invention can include an acid treatment step to remove the
silyl group. In some embodiments, wherein R* is the silyl
group, the method further comprises adding an acid to the
reaction mixture, under conditions sufficient to prepare the
compound of Formula I wherein R* is —OH. The acid can
be any suitable acid useful for removing silyl groups. In
some embodiments, the acid can be hydrochloric acid,
sulfuric acid, phosphoric acid, or nitric acid. In some
embodiments, the acid can be hydrochloric acid. The step of
treating the compound of Formula I with acid can be
performed under any suitable conditions to form the com-
pound of Formula I wherein R* is —OH. For example, the
conditions can include maintaining the reaction mixture at
room temperature, or heating the reaction mixture at any
suitable temperature up to 100° C. For example, the reaction
mixture with acid can be heated at any temperature between
about 25° C. and about 100° C., or between about 50° C. and
100° C., or between about 65° C. and 85° C. In some
embodiments, the reaction mixture comprising acid is
heated. In some embodiments, the reaction mixture com-
prising acid is heated at between about 65° C. and 85° C.

In some embodiments, the compound Formula I having
the structure:

Cl OH

can be prepared by the method of the present invention, by
forming the reaction mixture having the compound of For-
mula II with the structure:

l Cl l OMe
1

e}

tetramethyldisiloxane (TMDS), a catalytic amount of
B(CF5);, and toluene, and adding hydrochloric acid to the
reaction mixture, under conditions suitable to prepare the
compound of Formula 1.

IV. Compound of Formula III
The present invention also provides crystalline forms of,

methods of crystallizing, and methods of preparing, the
following compound:
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S/O\/\O/A

O// \\O

(I

A. Crystalline Form of Formula I1I
In some embodiments, the present invention provides a
crystalline form of the compound having the structure:

S/O\/\O/A

O// \\O

The crystalline compound of the present invention can be
characterized by the X-ray powder diffraction (XRPD), the
Raman spectra, the differential scanning calorimetry (DSC)
endotherm, the thermal gravimetric analysis (TGA) showing
decomposition temperature, and the unit cell of the crystal
structure.

In some embodiments, the present invention provides the
crystalline form of the compound characterized by the
XRPD substantially in accordance with that of FIG. 2 or
FIG. 3 and the peaks substantially in accordance with the
tables of FIG. 4. In some embodiments, the present inven-
tion provides the crystalline form of the compound charac-
terized by the XRPD substantially in accordance with that of
FIG. 5 and the peaks substantially in accordance with the
tables of FIG. 6. The crystalline compound of the present
invention can have any combination of peaks substantially
in accordance with FIG. 4 or FIG. 6. Moreover, each peak
listed in FIG. 4 and FIG. 6 can have an error range of £0.2
degrees 20, preferably +0.1 degrees 26.

In other embodiments, the crystalline form of the com-
pound is characterized by an X-ray powder diffraction
pattern that includes one or more peaks at 14.3, 15.8, 16.0,
17.6,20.9, 21.1, 21.7, 21.8, 21.9, 24.3, 24.6, 26.8, and 28.8
degrees 20 (0.1 degrees 20), wherein said XRPD is made
using CuK, radiation. In another embodiment, the crystal-
line form of the compound is characterized by an XRPD that
includes two or more, three or more, four or more, or five or
more peaks at 14.3, 15.8, 16.0, 17.6, 20.9, 21.1, 21.7, 21.8,
21.9, 243, 24.6, 26.8, and 28.8 degrees 20 (+0.1 degrees
20). In some embodiments, the crystalline form of the
compound is characterized by an XRPD that includes peaks
at 14.3,21.1 and 21.9 degrees 26 (£0.1 degrees 20). In some
embodiments, the crystalline form of the compound is
characterized by an XRPD that includes peaks at 14.3, 20.9,
21.1, 21.8, and 21.9 degrees 26 (+0.1 degrees 20). In some
embodiments, the crystalline form of the compound is
characterized by an XRPD that includes peaks at 14.3, 16.0,
20.9, 21.1, 21.7, 21.8, 21.9, 24.3, 24.6 and 28.8 degrees 20
(0.1 degrees 26). In other embodiments, the crystalline
form of the compound is characterized by the XRPD peaks
substantially in accordance with FIG. 5.

The crystalline compound of the present invention is also
characterized by the Raman spectra substantially in accor-
dance with FIG. 7 and the peaks substantially in accordance
with FIG. 8. In some embodiments, the crystalline form of
the compound is characterized by a Raman spectra that



US 9,464,043 B2

17

includes one or more peaks at about 110, 236, 268, 393, 488,
633, 778, 1095, 1170, 1206, 1342, 1443, 1598, 2878, 2931,
3018, and 3072 cm™'. In another embodiment, the crystal-
line form of the compound is characterized by a Raman
spectra that includes two or more, three or more, four or
more, or five or more peaks. In other embodiments, the
crystalline form of the compound is characterized by the
Raman spectra including peaks at about 110, 778, 1170, and
1206 cm™'. In some other embodiments, the crystalline form
of the compound is characterized by the Raman peaks
substantially in accordance with FIG. 8.

The crystalline compound of the present invention is also
characterized by the differential scanning calorimetry (DSC)
endotherm. In some embodiments, the crystalline form of
the compound is characterized by a DSC endotherm at about
21° C.

The crystalline compound of the present invention can
also be characterized by unit cell data. Thermal gravimetric
analysis (TGA) can also be used to characterize the crys-
talline compound of the present invention.

In some embodiments, the crystalline compound is char-
acterized by at least one of the following: at least one XRPD
peak as described above, at least one Raman peak as
described above, and a DSC endotherm as described above.
In other embodiments, the crystalline compound is charac-
terized by at least two of the following: at least one XRPD
peak as described above, at least one Raman peak as
described above, and a DSC endotherm as described above.
For example, the crystalline compound can be characterized
by at least one XRPD peak and at least one Raman peak, or
at least one XRPD peak and the DSC endotherm, or at least
one Raman peak and the DSC endotherm, etc.

In some embodiments, the crystalline compound of the
present invention is characterized by an X-ray powder
diffraction (XRPD) pattern that includes one or more peaks
at 14.3, 15.8, 16.0, 17.6, 20.9, 21.1, 21.7, 21.8, 21.9, 24.3,
24.6, 26.8, and 28.8 degrees 20 (+0.1 degrees 26), wherein
said XRPD is made using CuK_, radiation, and a Raman
spectra that includes one or more peaks at about 110, 236,
268, 393, 488, 633, 778, 1095, 1170, 1206, 1342, 1443,
1598, 2878, 2931, 3018, and 3072 cm™'. In other embodi-
ments, the crystalline compound of the present invention is
characterized by an X-ray powder diffraction (XRPD) pat-
tern that includes one or more peaks at 14.3,16.0, 20.9, 21.1,
21.7, 21.8, 21.9, 24.3, 24.6 and 28.8 degrees 26 (x0.1
degrees 20), wherein said XRPD is made using CuK_,
radiation, and a Raman spectra that includes one or more
peaks at about 110, 778, 1170, and 1206 cm™*.

In some embodiments, the crystalline form of the com-
pound is characterized by an X-ray powder diffraction
pattern that includes one or more peaks at 14.3, 21.4, 21.6,
21.7, 22.1, 22.2 and 24.4 degrees 20 (0.1 degrees 20),
wherein said XRPD is made using CuK,; radiation. In
another embodiment, the crystalline form of the compound
is characterized by an XRPD that includes two or more,
three or more, four or more, or five or more peaks at 14.3,
214, 21.6, 21.7, 22.1, 22.2 and 24.4 degrees 20 (+0.1
degrees 20). In some embodiments, the crystalline form of
the compound is characterized by an XRPD that includes
peaks at 21.6, 21.7 and 22.1 degrees 26 (+0.1 degrees 20).
In some embodiments, the crystalline form of the compound
is characterized by an XRPD that includes peaks at 14.3,
214, 21.6, 21.7, 22.1, 22.2 and 24.4 degrees 20 (+0.1
degrees 20). In other embodiments, the crystalline form of
the compound is characterized by the XRPD peaks substan-
tially in accordance with FIG. 2 or FIG. 3.
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In some embodiments, the present invention provides a
crystalline form of a compound of the present invention
which is isotopically labeled. Examples of isotopes that can
be incorporated into compounds of the invention include,
but are not limited to, isotopes of hydrogen, carbon, nitro-
gen, oxygen, fluorine, sulfur, and chlorine (such as *H, *H,
13¢, ¥C, N, 0, 70, ®F, **S and *°Cl). Isotopically-
labeled compounds and prodrugs thereof, as well as isoto-
pically-labeled, pharmaceutically acceptable salts and pro-
drugs thereof, are within the scope of the present invention.
Isotopically-labeled compounds of the present invention are
useful in assays of the tissue distribution of the compounds
and their prodrugs and metabolites; preferred isotopes for
such assays include *H and '*C. In addition, in certain
circumstances substitution with heavier isotopes, such as
deuterium (*°H), can provide increased metabolic stability,
which offers therapeutic advantages such as increased in
vivo half-life or reduced dosage requirements. Isotopically-
labeled compounds of this invention and prodrugs thereof
can generally be prepared according to the methods
described herein by substituting an isotopically-labeled
reagent for a non-isotopically labeled reagent.

B. Methods of Preparing Crystalline Forms of Formula III

In some embodiments, the present invention provides a
method for preparing a crystalline form of a compound
having the structure:

S/O\/\O/A

O// \\O

wherein the method includes a step (a) of mixing 2-cyclo-
propoxyethyl-4-methylbenzenesulfonate and a first solvent
that is a polar protic solvent to form a solution, and a step
(b) of adding a second solvent to the solution to provide a
mixture, under conditions suitable to form the crystalline
form of the compound.

The first solvent can be any suitable polar protic solvent.
Polar protic solvents useful in the methods of the present
invention include, but are not limited to, C,, alcohols
(methanol, ethanol, propanol, isopropanol, etc.), C,_, acids
(formic acid, acetic acid, etc.) and water. In some embodi-
ments, the polar protic solvent of step (a) can be a C,_,
alcohol. For example, the polar protic solvent can be metha-
nol, ethanol, propanol, isopropanol, butanol, isobutanol,
sec-butanol, or tert-butanol. The polar protic solvent can be
a single solvent or a mixture of solvents. In some embodi-
ments, the polar protic solvent can be methanol or ethanol,
or combinations thereof. In some embodiments, the polar
protic solvent can be ethanol.

The second solvent can be any suitable solvent, such as a
polar protic solvent or a non-polar solvent. Representative
solvents include, but are not limited to, C,, alcohols
(methanol, ethanol, propanol, isopropanol, etc.), C,_, acids
(formic acid, acetic acid, etc.), water, alkanes (pentanes,
n-hexane, hexanes, n-heptane, heptanes, etc.), cycloalkanes
(cyclopentane, cyclohexane, etc.), benzene, toluene, and
1,4-dioxane. In some embodiments, the second solvent can
be a polar protic solvent or a non-polar solvent. The second
solvent can be a single solvent or a mixture of solvents. In
some embodiments, the second solvent can be water, pen-
tanes, hexanes, petroleum ether, heptanes, cyclopentane or
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cyclohexane, or combinations thereof. In some embodi-
ments, the second solvent can be water.

Any suitable combination of the first and second solvents
can be used in the method of the present invention. In some
embodiments, the first solvent can be ethanol and the second
solvent can be water. In some embodiments, the first solvent
can be methanol and the second solvent can be heptanes.

The first and second solvents can be present in any
suitable ratio to one another. For example, the ratio of the
first solvent to the second solvent can be about 10:1 (w/w),
5:1,4:1,3:1,2.5:1,2:1,1.5:1, 1:1, 1:1.5, 1:2, 1:2.5, 1:3, 1:4,
1:5 or about 1:10 (w/w). In some embodiments, the ratio of
the first solvent to the second solvent can be about 5:1 to
about 1:1 (w/w). In some embodiments, the ratio of the first
solvent to the second solvent can be about 2.5:1 (w/w).

The first solvent and the 2-cyclopropoxyethyl-4-methyl-
benzenesulfonate can be present in any suitable ratio. For
example, the ratio of the first solvent to the 2-cyclopropoxy-
ethyl-4-methylbenzenesulfonate can be about 10:1 (w/w),
5:1,4:1,3:1,2.5:1,2:1,1.5:1, 1:1, 1:1.5, 1:2, 1:2.5, 1:3, 1:4,
1:5 or about 1:10 (w/w). In some embodiments, the ratio of
the first solvent to the 2-cyclopropoxyethyl-4-methylbenze-
nesulfonate can be about 1:1 (w/w).

The method of crystallizing the compound of Formula IIT
can include additional steps. For example, the method of
crystallizing can include heating and cooling steps. The
heating can assist in the dissolution of the 2-cyclopropoxy-
ethyl-4-methylbenzenesulfonate, and the cooling can assist
in the crystallization. The mixture can be heated to the
boiling temperature of the solvent mixture. For example, the
mixture can be heated to a temperature of less than about 30°
C., 40, 50, 60, 70, 80, 90 or less than about 100° C. The
heating can be for any suitable period of time, such as that
necessary to dissolve the 2-cyclopropoxyethyl-4-methyl-
benzenesulfonate. For example, the heating can be for less
than about 1 minute, or for 2, 3, 4, 5, 10, 15, 30, 60 minutes
or longer. In some embodiments, the heating can be at a
temperature of less than about 50° C. In some embodiments,
the heating can be at a temperature of from about 20° C. to
about 50° C.

When the mixture is cooled, the solvent mixture can be
cooled quickly using an ice bath, or cooled slowly. The
solvent mixture can also be cooled to room temperature, or
to a temperature below room temperature. For example, the
solvent mixture can be cooled to a temperature of less than
about room temperature, or less than about 20° C., 15, 10,
5, or less than about 0° C. The solvent mixture can be
maintained at the lower temperature for any suitable period
of time, such as several hours, days or weeks. In some
embodiments, the method of crystallizing also includes step
(c) of heating the mixture at a temperature of from about 20°
C. to about 50° C. until the mixture becomes clear; and step
(d) of cooling the clear mixture to a temperature of less than
about 10° C.

The solvent mixture can also contain a variety of other
components, such as acids, bases and salts. Acids useful in
the present invention include, but are not limited to, acetic
acid, formic acid, hydrochloric acid, sulfuric acid, and other
weak acids and strong acids. Bases useful in the present
invention include, but are not limited to, ammonia, sodium
hydroxide, and others. Salts useful in the present invention
include, but are not limited to, sodium chloride, potassium
chloride, potassium carbonate and others.

Crystallization can be induced by methods known in the
art, for example by mechanical means such as scratching or
rubbing the contact surface of the reaction vessel with e.g.
a glass rod. Optionally the saturated or supersaturated solu-
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tion may be inoculated with seed crystals. The method can
also include use of a seed crystal of crystalline 2-cyclo-
propoxyethyl-4-methylbenzenesulfonate. In some embodi-
ments, the mixture in the above methods includes a seed
crystal of the crystalline compound of the present invention.

Isolation of the desired crystalline form can be accom-
plished by removing the solvent and precipitating solvent
from the crystals. Generally this is carried out by known
methods as for example filtration, suction filtration, decan-
tation or centrifugation. Further isolation can be achieved by
removing any excess of the solvent(s) from the crystalline
form by methods known to the one skilled in the art as for
example application of a vacuum, and/or by heating above
-80° C., preferably in a temperature range below 80° C.,
even more preferably below 50° C.

The 2-cyclopropoxyethyl-4-methylbenzenesulfonate used
in the crystallization method can be prepared using any
suitable method. In some embodiments, the 2-cyclo-
propoxyethyl-4-methylbenzenesulfonate can be prepared by
the method described below.

The crystallizing method of the present invention can
provide the crystalline 2-cyclopropoxyethyl-4-methylbenze-
nesulfonate of the present invention and described above. In
some embodiments, the product of step (b) can be the
crystalline 2-cyclopropoxyethyl-4-methylbenzenesulfonate
of the present invention.

C. Methods of Preparing Compound of Formula III

The present invention also provides methods of making
the compound of Formula II1. The compound of Formula III
has been prepared previously (see U.S. Pat. No. 7,838,499).
Following the Barbier-like magnesium mediated intramo-
lecular ring opening/cyclization step described previously,
the method of the present invention involves an extraction
step using 2-methyl-tetrahydrofuran, where the extraction
solvent, containing the intermediate compound 2-cyclo-
propoxyethanol, is used directly in the tosylation step with-
out further concentration.

In some embodiments, the present invention provides a
method of preparing a compound of Formula III:

(I

/O\/\O/A

S
O// \\O

wherein the method includes a step (a) of forming a first
reaction mixture including Mg and a compound having the
structure:

O, e}
Br,

in tetrahydrofuran solvent, under conditions suitable to form
an intermediate compound having the structure:

HO\/\O /A
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The method also includes a step (b) of contacting the first
reaction mixture with water and 2-methyl-tetrahydrofuran
such that the intermediate of step (a) is substantially dis-
solved in the 2-methyl-tetrahydrofuran. The method also
includes a step (c) of forming a second reaction mixture with
4-methylbenzene-1-sulfonyl chloride (Tosyl-Cl) and the
2-methyl-tetrahydrofuran of step (b) containing the interme-
diate of step (a), under conditions suitable to form the
compound of Formula III.

The method of preparing the compound of Formula III
can include a number of other reagents. For example, the
first reaction mixture in step (a) can include reagents such as,
but not limited to, iodine (I,) and 1,2-dibromoethane
(BrCH,CH,Br). In some embodiments, the first reaction
mixture also includes BrCH,CH,Br and I,. In some embodi-
ments, the first reaction mixture includes BrCH,CH,Br, 1,,
Mg and the compound having the structure:

o/_\o

Following step (a), the first reaction mixture can be
contacted with a variety of solvents, reagents and compo-
nents in step (b). For example, the first reaction mixture can
be contacted with water, acid, sodium chloride, among
others, in step (b). The acid can be a mineral acid or an
organic acid such as a carboxylic acid. Representative acids
that can be used in step (b) include, but are not limited to,
hydrochloric acid, formic acid, acetic acid, citric acid, lactic
acid, oxalic acid, glycolic acid, and others. In some embodi-
ments, the first reaction mixture can be contacted with water
and an acid in step (b). In some embodiments, the acid can
be hydrochloric acid, formic acid, acetic acid, citric acid,
lactic acid, oxalic acid, or glycolic acid. In some embodi-
ments, the acid can be hydrochloric acid. In some embodi-
ments, the acid can be glycolic acid. In some embodiments,
the first reaction mixture can be contacted with water and
hydrochloric acid in step (b). In some embodiments, the first
reaction mixture can be contacted with water and glycolic
acid in step (b). In some embodiments, the first reaction
mixture can also be contacted with sodium chloride in step
(b).

The steps of the method can be performed under any
suitable reaction conditions. For example, the temperature of
each step can independently be from about -10 to about
100° C., or from about —=10 to about 10° C., or from about
20 to about 60° C., or from about 30 to about 40° C.
Alternatively, the temperature of each step can indepen-
dently be about -10° C., 0, 10, 20, 30, 40, 50, 60, 70, 80, 90
or about 100° C. In some embodiments, the temperature of
step (a) can be from about 20 to about 60° C. In some
embodiments, the temperature of step (b) can be about room
temperature. In some embodiments, the temperature of step
(c) can be from about -10 to about 10° C.

The reaction time for each step of the method is suitable
to substantially complete the application. For example, the
time of each step can be several minutes to several hours.
Each of steps (a) and (c) of the method can independently be
from about 10 to about 30 hours.

The compound of Formula III can be prepared in any
suitable yield using the method of the present invention. For
example, the yield can be at least about 50% (mol/mol), 55,
60, 65, 70, 75, 80, 85, 90 or at least about 95% (mol/mol).
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In some embodiments, the compound of Formula III can be
prepared in at least 50% yield. In some embodiments, the
compound of Formula III can be prepared in at least 65%
yield.

The 2-methyl-tetrahydrofuran mixture of step (b) contain-
ing the intermediate of step (a), can be used in step (c)
without forming a concentrated intermediate. In some
embodiments, the 2-methyl-tetrahydrofuran containing the
intermediate of step (a) is used in step (c) without removing
the 2-methyl-tetrahydrofuran to form a concentrated inter-
mediate.

The method of preparing the compound of Formula III
can also be performed using the compound having the
structure:

O, (0]
\</\c1
under similar conditions. Other conditions for preparing the
compound of Formula III can be found in Tetrahedron
Letters 1999, 40, 8647-8650.
D. Methods of Using Compound of Formula III
The present invention also provides methods of using the
compound of Formula III for the preparation of other
compounds. For example, the compound of Formula IIT has

been used previously (see U.S. application Ser. No. 13/889,
980) to prepare compounds of Formula Ic:

R2 R! O\/\o /A

In some embodiments, the present invention provides a
method of preparing the compound of Formula Ic:

R2 R! O\/\o /A

comprising forming a reaction mixture having a compound
of Formula III having a purity of at least 90%, and a
compound of Formula Ib:

(e)

(e)

(Ib)

RZ R! OH,

X

under conditions suitable to prepare the compound of For-
mula Ic, wherein X can be bromo or iodo. R' can be
hydrogen, halo, hydroxy, C,-C; alkyl or C,-C; alkoxy. R?
can be hydrogen, halo, hydroxy, C,-C; alkyl, C,-C; alkoxy,
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C;-Cy cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C,
haloalkoxy)C,-C; alkyl, (C,-C, alkenyloxy)C,-C; alkyl,
(C,-C, alkynyloxy)C,-C; alkyl, (C,-C,4 cycloalkoxy)C,-C;
alkyl, C,-C; hydroxyalkoxy, C;-C cycloalkoxy, C;-Cg het-
erocycloalkoxy, (C,-C, alkoxy)C,-C, alkoxy, (C,;-C,
haloalkoxy)C,-C; alkoxy, (C,-C, alkenyloxy)C,-C; alkoxy,
(C,-C, alkynyloxy)C,-C; alkoxy, (C;-C4 cycloalkoxy)C, -
C, alkoxy, (C;-C heterocycloalkoxy)C,-C; alkoxy, (C5-Cq
cycloalky)C, -C; alkoxy, (C;-Cq4 cycloalkyl)C,-C, alkeny-
loxy or (C5-C4 cycloalkyl)C,-C, alkynyloxy.

The compound of Formula III can have any suitable
purity of at least 90%. For example, the compound of
Formula III can have a purity of at least 90, 91, 92, 93, 94,
95, 96, 97, 98 or 99%. In some embodiments, the compound
of Formula II can have a purity of at least 95%. In some
embodiments, the compound of Formula II can have a purity
of at least 97%.

In some embodiments, the compounds include those
where R! can be halo. In other embodiments, R' canbe F, Cl,
Br or I. In some other embodiments, R! can be Cl.

In some embodiments, the compounds include those
where R? can be H.

In some embodiments, the compound has the structure
wherein R! can be halo; R? can be H. In other embodiments,
the compound has the structure wherein R* can be chloro; R?
can be H. In some embodiments, the compound has the
structure where R* can be chloro; R? can be H; and X can be
iodo.

The method of preparing the compound of Formula Ic can
be performed under any suitable conditions. For example,
the reaction mixture can include a base. The base can include
inorganic bases such as, but not limited to, cesium carbon-
ate, potassium carbonate, sodium carbonate, or mixtures
thereof. In some embodiments, the base can include cesium
carbonate. In some embodiments, the base can include
potassium carbonate. In some embodiments, the base can
include a mixture of cesium carbonate and postassium
carbonate.

The method of preparing the compound of Formula Ic can
also include an ammonium salt. Representative ammonium
salts include, but are not limited to, tetramethylammonium
bromide, tetramethylammonium iodide, tetramethylammo-
nium hydroxide and tetrabutylammonium iodide. In some
embodiments, the reaction mixture also includes tetrabuty-
lammonium iodide.

The compound of Formula III can be in any suitable
physical form for the method of making the compound
Formula Ic. For example, the compound of Formula III can
be an oil or a crystal as described above. In some embodi-
ments, the compound of Formula I1I is crystalline. In some
embodiments, the compound of Formula I11 is the crystalline
form described above.

In some embodiments, the compound of Formula Ic has

the structure:
O

Cl

In some embodiments, the compound of Formula Ib has
the structure:
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l Cl I OH.
1

In some embodiments, the method of preparing the com-
pound of Formula Ic includes forming the reaction mixture
having Cs,CO,, K,CO;, tetrabutylammonium iodide, the
crystalline compound of Formula III, and the compound of
Formula Ib having the structure:

al OH,
I l l

under conditions suitable to prepare the compound of For-

mula Ic having the structure:
Cl O A
O O \/\O
1

The compound of Formula Ib can be prepared by any
means available in the art. In some embodiments, the
compound of Formula Ib used in the method of making the
compound of Formula Ic, can be prepared by the methods of
the present invention described above.

The alkyl, alkoxy, cycloalkyl, alkenyloxy, alkynyloxy,
cycloalkoxy, hydroxyalkoxy, and heterocycloalkoxy groups
or portions of Formula Ic can optionally be partially or
completely fluorinated. And one or more hydrogen atoms of
Formula Ic can optionally be substituted with deuterium.

V. Examples

The following examples are offered for illustrative pur-
poses, and are not intended to limit the invention in any
manner. Those of skill in the art will readily recognize a
variety of noncritical parameters which can be changed or
modified to yield essentially the same results.

The names of compounds shown in the following
examples were derived from the structures shown using the
CambridgeSoft Struct=Name algorithm as implemented in
ChemDraw Ultra version 10.0. Unless otherwise indicated,
the structures of compounds synthesized in the examples
below were confirmed using the following procedures:

(1) Gas chromatography-mass spectra with electrospray
ionization (MS ESI) were obtained with an Agilent 5973N
mass spectrometer equipped with an Agilent 6890 gas
chromatograph with an HP-5 MS column (0.25 um coating;
30 mx0.25 mm). The ion source was maintained at 230° C.
and spectra were scanned from 25-500 amu at 3.09 sec per
scan.

(2) High pressure liquid chromatography mass spectra
(LC-MS) were obtained using Finnigan Surveyor HPLC
equipped with a quaternary pump, a variable wavelength
detector set at 254 nm, an XB-C18 column (4.6x50 mm, 5
um), and a Finnigan LCQ ion trap mass spectrometer with
electrospray ionization. Spectra were scanned from 80-2000
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amu using a variable ion time according to the number of
ions in the source. The eluents were B: acetonitrile and D:
water. Gradient elution from 10% to 90% B in 8 min at a
flow rate of 1.0 mL/min is used with a final hold at 90% B
of 7 min. Total run time is 15 min.

(3) Routine one-dimensional NMR spectroscopy was
performed on 400 MHz or 300 MHz Varian Mercury-Plus
spectrometers. The samples were dissolved in deuterated
solvents obtained from Qingdao Tenglong Weibo Technol-
ogy Co., Ltd., and transferred to 5 mm ID NMR tubes. The
spectra were acquired at 293 K. The chemical shifts were
recorded on the ppm scale and were referenced to the
appropriate solvent signals, such as 2.49 ppm for DMSO-d6,
1.93 ppm for CD,CN, 3.30 ppm for CD;0D, 5.32 ppm for
CD,Cl, and 7.26 ppm for CDCI, for 'H spectra.

Example 1
Preparation of 4-(2-chloro-5-iodobenzyl)phenol (1)

A reduction-demethylation reaction has been developed.
The method uses tetramethyldisiloxane as a reducing agent
and tris(pentafluorophenyl)borane as a catalyst. After the
siloxane hydrolysis, the crude 4-(2-chloro-5-iodobenzyl)
phenol was easily purified by trituration in n-heptanes or
petroleum ether (the 30 to 60° C. (mainly hexane isomers
fraction) or 90 to 100° C. (mainly heptane isomers fraction))
which readily removes impurities and the ortho isomer. Both
fractions removed the impurities well but the heptanes
fraction is preferred for safety reasons.

1) B(Cg4Fs)3, cat.
TMDS, heptanes
0to20°C.

_—

2) MeOH, HCI
3) Filtration
0 4) NaHCO3/water

5) heptanes
DSC Onset 97.0° C.

I Cl I OH
1

1

Cl O

DSC Onset 102.2° C.
TMDS = Me,HSiOSiHMe,

Solution 1: A 1 L flask was charged with petroleum ether
(0.2 L)) and tris(pentafluorophenyl)borane (907 mg, 1.77
mmol) under nitrogen with stirring. The solution was cooled
to 0 to 5° C., and tetramethyl-1,1,3,3-disiloxane (TMDS)
(143 g, 1.06 mol) in an addition funnel was added dropwise
over 15 min.

A 5 L four-necked glass flask was charged with (2-chloro-
5-iodophenyl)(4-methoxyphenyl)methanone (220 g, 590.5
mmol) and petroleum ether (1.0 L). The mixture was cooled
to 0 to 5° C., and the Solution 1 was added dropwise to it
over 50 min while the reaction temperature was kept below
10° C. The mixture was stirred for 6 hours at 20° C. and
monitored by TL.C and/or LCMS. To the solution at 20° C.
was carefully added hydrochloric acid in methanol (6 N, 720
mmol, 240 mL) and the mixture was stirred at 120 rpm for
6 hours.
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Deionized water (1200 mL) was added and the mixture
was stirred for 30 minutes. The mixture was filtered and the
filter cake was washed with water (500 mL), 5% NaHCO,
(500 mL), water (500 mL)) and petroleum ether (2x250 mL).
The filter cake was dried under reduced pressure (0.09 MPa)
at 70° C. to give 4-(2-chloro-5-iodobenzyl)phenol as a white
solid (236 g).

LCMS HPLC RT %

COM- RT (MIN) RANGE
POUND DESCRIPTION (MIN) 50% TO 100% IN CRUDE
Product 3.9 13.8 >98
Impurity A 4-((2-chloro-5- 0-1

iodophenyl)

(hydroxy)meth-

yl)phenol
Impurity B 2-(2-chloro-5- 4.0 14.9 0to 0.3

iodobenzyl)phe-

nol

Example 2

Large-Scale Preparation of
4-(2-chloro-5-iodobenzyl)phenol (1)

Solution 1: A 2 L flask was charged with petroleum ether
(1 L, 90 to 100° C. fraction) and tris(pentafluorophenyl)
borane (3.44 g, 6.71 mmol) under nitrogen with stirring. The
solution was cooled to 0 to 5° C., and TMDS (143 g, 2.42
mol) in an addition funnel was added dropwise over 15 min.

A 5 L four-necked glass flask was charged with (2-chloro-
S-iodophenyl)(4-methoxyphenyl)methanone (500 g, 1.34
mol) and petroleum ether (2.0 L). The mixture was cooled
to 0 to 5° C., and the Solution 1 was added dropwise to it
over 1.5 h while keeping the reaction temperature below 20°
C. as the gas evolved from the solution. The mixture was
stirred for 16 hours at 20 to 30° C. and monitored by LCMS.
To the solution at 20° C. was carefully added hydrochloric
acid (357 g, 3.6 mol) in methanol (237 g) and the mixture
was stirred at 120 rpm for 0.5 h at 20 to 30° C., and warmed
to 75 to 85° C. for 16 h while a precipitate formed.

The mixture was filtered and the filter cake was washed
with water (2x1 L), 5% NaHCO; (1 L) and petroleum ether
(2x500 mL). The filter cake was dried under reduced pres-
sure (0.09 MPa) at 55° C. for 16 h to give 4-(2-chloro-5-
iodobenzyl)phenol as a white solid. Yield: 422 g (91.3%).
'H NMR (400 MHz, CDCl,) 8 7.46 (m, 2H), 7.07 (m, 3H),
6.78 (d, J=8.6 Hz, 2H), 4.73 (s, 1H), 3.96 (s, 2H). MS ESI
(m/z) calculated: 344. found 343 [M-H]~, 687 [2M-H]".

LCMS HPLC RT %

COM- RT (MIN) RANGE
POUND DESCRIPTION (MIN) 50% TO 100% IN CRUDE
Product 3.9 13.8 >98
Impurity A 4-((2-chloro-5- 0-1

iodophenyl)

(hydroxy)meth-

yl)phenol
Impurity B 2-(2-chloro-5- 4.0 14.9 0to 0.3

iodobenzyl)phe-

nol
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Example 3

Large-Scale Preparation of
4-(2-chloro-5-iodobenzyl)phenol (1)

Solution 1: In a glass lined reactor (2-chloro-5-iodophe-
nyl)(4-methoxyphenyl)methanone (15.8 kg) and toluene
(94.8 kg) were charged under nitrogen and the reaction
mixture was concentrated to reflux in order to remove water
and alcohol traces. After cooling to room temperature the
weight of distillate was replaced by fresh anhydrous toluene.
Tetramethyldisiloxane (5.7 kg) was then charged and the
solution was transferred under nitrogen into plastic drum.

Solution 2: In a glass lined reactor tris(pentafluorophenyl)
borane (0.123 kg) and toluene (13.9 kg) were charged under
nitrogen and the reaction mixture was stirred until dissolu-
tion and packed into plastic drum under inert atmosphere.

Solution 3: In a glass lined reactor tetramethyldisiloxane
(5.7 kg) and toluene (13.9 kg) were charged under nitrogen
and the reaction mixture was cooled to -5 to 0° C. Solution
2 was added to Solution 3 over 1 hour maintaining the
temperature below 5° C. At the end of addition the reaction
mixture was stirred 15 minutes and Selution 1 was added to
Solution 3 over 4 hours at a temperature between -3 to 15°
C. The mixture was then stirred for 3 hours at 12-15° C.

The reaction mixture was then cooled to 0-10° C. and a
solution of methanol (31.6 kg) and aqueous acid chloride
(6.5 kg) was added and stirred for 12 h. Water (43 kg) was
then added and the phases separated. Organic phase was
washed with brine (48 kg) and concentrated under reduced
pressure. Heptane B (44.2 kg) was then charged and the
mixture was allowed to cool overnight. After 3 h stirring at
0-5° C. the cake was filtered and washed with cold heptane
(7 kg). The product (13.5 kg/Yield: 92.4%) was obtained as
white powder after drying. NMR and MS matched those
shown in Example 2.

Example 4

Large-Scale Preparation of
4-(2-chloro-5-iodobenzyl)phenol (1)

Solution 1: In a glass lined reactor (2-chloro-5-iodophe-
nyl)(4-methoxyphenyl)methanone (200.0 kg/1.0 equiv) and
toluene (1200 kg) were charged under nitrogen and the
solution was distilled until 200 kg of solvents were removed
from the reaction mixture in order to purge potential water
and alcohol traces. After cooling to room temperature
tetramethyldisiloxane (72 kg/1.0 eq.) was charged, and the
solution was transferred and packed under nitrogen into
plastic drums.

Solution 2: In a glass lined reactor tris(pentafluorophenyl)
borane (1.56 kg/0.006 equiv) and toluene (176 kg) were
charged under nitrogen and the reaction mixture was stirred
until dissolution and packed into plastic drum under inert
atmosphere.

Solution 3: In a glass lined reactor tetramethyldisiloxane
(72 kg/1.0 eq.) and toluene (176 kg) were charged under
nitrogen and the reaction mixture was cooled to -5° C.
Solution 2 was added to Solution 3 over 30 minutes keeping
the temperature below 5° C. At the end of addition the
reaction mixture was stirred 15 minutes and Solution 1 was
added to Solution 3 over 3.45 h at a temperature between -3
to 15° C. The mixture was then stirred for 3 h at 12-15° C.

The reaction mixture was then cooled to 0-10° C. and a
solution of methanol (400 kg) and 33% hydrochloric acid
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(82 kg) was added. At the end of addition the reaction was
heated at 15-20° C. and stirred for 8-12 h.

Water (544 kg) was added and layers were separated.
Organic layer was washed with brine (150 kg NaCl in 461
kg of water). After filtration of organic layer, solvent was
removed under reduced pressure without exceeding 60° C.
Heptane B (560 kg) was then charged at 50-55° C. The
reaction mixture was stirred 2 hours at 50-55° C. and
allowed to cool at 0-5° C. After 3 h stirring at 0-5° C. the
cake was filtered and washed with precooled 0-5° C. heptane
B (100 kg). Wet product (200 kg) was then dried under
vacuum at 40° C. during 24 hours. After drying 148.9 kg of
the title compound (yield=80.5%) was obtained as a white
powder. NMR and MS matched those shown in Example 2.

Example Sa

Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

The title compound was prepared in two steps from
2-(2-bromoethyl)-1,3-dioxolane using a Barbier-like mag-
nesium mediated intramolecular ring opening/cyclization.

Preparation of 2-cyclopropoxyethanol

1) BrCH,CH,Br
I, Mg, THF
3010 55° C.

\</\Br

2) HCI, NaCl, H,0, <10° C.

3) 2-Me-THF
HO\/\O/A }

A 1500 L glass-lined reactor equipped with bottom fed
nitrogen sparging was charged with THF (200 kg, 1.67 eq)
with stirring (80 RPM) followed by the addition of magne-
sium turnings (27.4 kg, 1.7 eq) and iodine (1.0 kg, 0.06 eq).
The mixture was warmed to between 30 to 40° C. and a
nitrogen-sparged solution of 1,2-dibromoethane (5.0 kg) in
THF (20.0 kg) was added dropwise. Once the Grignard
reaction commenced, a solution of 1,2-dibromoethane (53.6
kg) in THF (250.0 kg) was added over 10 h while keeping
the internal temperature about 50° C.

After the addition was complete, the solution of 2-(2-
bromoethyl)-1,3-dioxolane (120.0 kg, 1.0 eq) in THF (270.0
kg, 2.25 w/w) was added slowly over 10 h, while keeping the
internal temperature about 50° C. The reaction mixture was
stirred at 40~50° C. for 20 h while copious amounts of white
solids (probably magnesium (II) bromide) formed.

Under nitrogen sparging, the mixture was cooled to 0° C.
and de-oxygenated water (160 kg) was added very slowly
while keeping the internal temperature below 10° C. Con-
centrated hydrogen chloride (67.2 kg, 0.56 eq) was added to
a saturated solution of brine (420 kg) with efficient stirring.
This resulting HCl-brine solution was added very slowly to
the Grignard reaction mixture while keeping the temperature
below 10° C. The mixture was stirred at 10 to 20° C. for 2
h before the organic layer was separated and the aqueous
layer was extracted with 2-methyltetrahydrofuran (3x160

kg).
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Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

1) TsCl, aq. NaOH

30

gently warmed to about 30° C. until the solution became
clear. The solution was cooled to 0° C. and stirred for 5 h at
-5 10 0° C. The solids were filtered. The solids (120.0 kg)
were added to absolute ethanol (135.0 kg). De-ionized water

THF, 2-MeTHF, 10 to 25° C. 5 (57.5. kg) was added and the mixture gently Warmf:d until the
HO\/\ . solution became clear (about 30° C.). The mixture was
O 2) water, MTBE, Brine cooled to 0° C., and then cooled for 5 h at -5 to 0° C. The
mixture was filtered and the solids collected and dried under
TSO\/\ vacuum to give 107 kg of the title compound (66.3% yield).

O 10 1 a
H NMR (400 MHz, CDCl;) & 7.82 (d, J=8.4 Hz, 2H),
2 7.36 (d, J=8.4 Hz, 2H), 4.17 (t, J=4.8 Hz, 2H), 3.70 (t, J=4.8
DSC Onset 18.0° C Hz, 2H), 3.30-3.24 (m, 1H), 2.47 (s, 3H), 0.55-0.42 (m, 4H).

e DSC onset 18° C.

The above organic solution of 2-cyclopropoxyethanol 15 Alternativ.ely, a 40 mL of glass bottle was charged with
was cooled to 0° C. and an aqueous solution of sodium the above oil (1.0 g) and methanol/n-hexane (10:1, 5 mL)
hydroxide (80.0 kg) in water (300.0 kg) was added. p-Tolu- with stirring at 30 to 35° C. After the mixture became a clear
elilf{ilﬂii{onyl. chlolrllde; (151 (1) kg, 1.2 eq) Wﬁsladdeglooz‘:er 1§hh solution, the mixture was cooled to =10 to —=5° C. and stirred
while keeping the 1nterna tem}())erature clow - he for another 4 hours. The mixture was filtered and the filter
reaction mixture was cooled to 0° C. and stirred for another . . .
16 h. Cooling was stopped and the phases were separated 20 cake was dried under freeze drying for over 24 hours to give

. Y 3 3 3 . 0,
while the mixture slowly warmed to 20 to 25° C. The a white solid. Yield: 0.82 g (82.0%).
aqueous layer was diluted with water (240.0 kg) and
extracted with MTBE (180.0 kg). The combined organic Example 5b
phases were washed with saturated brine (240.0 kg). The o
organic layer was concentrated under reduced pressure 25 Crystallization of 2-cyclopropoxyethyl
(while keeping the bath temperature below 45° C.) to give 4-methylbenzenesulfonate (2)
an oil (130 kg).

Absolute ethanol (156.0 kg) was added to the above oil. Crystallization conditions for compound 2 are found in
De-ionized water (65.0 kg) was added and the mixture was the following tables:

Cryst. Side Side Side
Quant. Cryst. Solvents Cryst. Time Yield Compound 2 Product A Product B Product C
(g V/IW=2 Temp. (° C.) (h) (%) 15.2 min 169 min  13.3 min  15.0 min
Crude 274 64 97.6 0.37 0.3 0.3
Cryst. 20 3:1 BtOH/H,0 -10 to -2 3 73 99.6 0.18 0.05 0.06
Recryst. 3:4 FtOH/n-Hex. 0to5 3 73 99.9 0.08 0.01 0.01
Cryst. Cryst. Side Product Side Side
Quant. Seed Cryst. Solvents Temp. Time  Yield Compound 2 A Product B Product C
(g) Cryst. V/W=2 °C) (h) (%) 15.2 min 16.9 min 133 min  15.0 min
Crude 96.5 68 95.1 0.29 2 0.42
Cryst. 76.7 Yes 6:2:3 -10to -2 3 79 98.8 0.22 0.61 0.11
EtOH/H,O/n-Hex.
1 700 Yes 3:4 EtOH/n-Hex. -10to -4 3 91 99.5 0.18 0.22 0.03
2md 634 Yes 3:4 EtOH/n-Hex. 203 4.5 90 99.8 0.14 0.06 0
34 564 No 1:1 EtOH/n-Hex. -3t02 3 89 99.9 0.07 0.04 0
WIW =225
Cryst. Cryst Side Side Side Side
Quant. Yield Seed Solvents Cryst. Time Cpd2  Product A Product B Product C Product D
Treatment Method (g) (%) Cryst. V/W=2 Temp. (h) 152min 169 min 133 min 150 min 17.6 min
Without Crude 377 91 94.8 0.32 0.74 0.50 0.90
wash Cryst. 254 67 Yes 3:2:1 EtOH/ 4 99.3 0.02 0.36 0.02 0.06
n-hex./H20
Recrys.  23.5 92 No 1:1 EtOH/n-Hex. 4 99.6 0.01 0.30 0.01 0.06

Wash 1X  Crude 33.2 80 95.5 0.12 0.56 0.50 0.78

with 15%  Cryst. 229 69 Yes 1:1 EtOH/n-Hex.  -10to -4 4 99.3 0.10 0.10 0.07 0.27

brine Recrys. 19.4 85 No 1:1 EtOH/n-Hex. -10to 3 4 99.8 0.03 0.07 0.01 0.08

Wash 1X  Crude 33.8 82 95.5 0.18 0.57 0.49 0.66

with 15%  Cryst. 265 78 Yes 2:1 EtOH/H20 -10t0 0 3 99.3 0.02 0.28 0.04 0.12

brine

containing

0.1M CuSO,
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Side Products A and B have the following structures:

Side Product A

TSO\/\OTS

O, (6]

\</\OTS

Other solvents used: 3:1 EtOH:water, 2:1 EtOH:water, 3:4
EtOH:n-hexane, 6:2:3 EtOH:water:n-hexane, 3:2:1 EtOH:
water:n-hexane, 1:1 EtOH:n-hexane, 3:4 EtOH:n-heptane
and 1:1 MeOH:n-heptane.

Side Product B

Example 6

Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

The title compound was prepared in two steps from
2-(2-bromoethyl)-1,3-dioxolane using a Barbier-like mag-
nesium mediated intramolecular ring opening/cyclization.

Preparation of 2-cyclopropoxyethanol

[e) Br
B S
[ >I 2) HCL, NaCl, H,0

o 3) 2-Me—THF
HO\/\O/A:|

A round-bottom flask equipped with a thermometer, mag-
netic stirrer, condenser and addition funnel was purged with
nitrogen and was charged with anhydrous THF (44 ml.) and
magnesium (4.5 g, 0.185 mole). After stirring and sparging
with nitrogen at ambient temperature (23 to 28° C.), 2-(2-
bromoethyl)-1,3-dioxolane (3 g, 2.0 mL, 15 mmol) was
added in one portion. After stirring, the reaction was initi-
ated (a water bath was used to maintain the outer tempera-
ture below 30° C.).

The remaining 2-(2-bromoethyl)-1,3-dioxolane (27 g,
17.7 mL, 0.15 mole) in THF (30 ml) was added to the
mixture via a suitable addition funnel under nitrogen sparg-
ing at a rate that kept the internal temperature at 45° C. to
60° C. (the outer temperature of water bath was kept 20° C.
to 30° C.). After the addition was warmed to 60° C. and
stirred under nitrogen sparging overnight.

1) Mg, THF

A nitrogen-sparged aqueous solution of 37% hydrochloric
acid (16.4 g) and sodium chloride (18.2 g) in water (93 g)
was added dropwise to the reaction mixture while keeping
the internal temperature between —15° C. and —10° C. The
reaction mixture was warmed to 10° C. to 15° C. The
reaction was extracted with three 35 ml portions of 2-meth-
yltetrahydrofuran. The combined organic solution was
directly used for the next step.
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Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

1) TsCl, aq. NaOH,
2-Me—THF

HO\/\O/A

2) Water, EtOAc—PE

ﬁ/o\/\o/A

S

e}

A round-bottom flask equipped with a thermometer,
mechanical stirrer, condenser and addition funnel was
purged with nitrogen and was charged with the above
solution of 2-cyclopropoxyethanol in 2-methyltetrahydro-
furan. The mixture was cooled to -5° C. to 0° C. with
stirring. An aqueous solution of NaOH (20.1 g) in water (87
ml) was added dropwise to the mixture while keeping the
internal temperature between —5° C. and 0° C. 4-Methyl-
benzenesulfonyl chloride (37.8 g) was added while keeping
the internal temperature between 0° C. and 5° C. The
reaction was stirred at 0° C. to 5° C. under nitrogen for
another 5 hours in a cooling bath. The cooling bath was
removed and the reaction was warmed slowly to 10° C. to
20° C. and stirred overnight.

Brine (57 g water and 15 g NaCl) was added to the
reaction. The mixture was extracted with ethyl acetate/
petroleum ether (38 ml EtOAc and 8 ml PE, three times).
The combined organic layers were washed with saturated
brine (54 g) and water (30 mL), and then concentrated under
reduced pressure at 35-40° C. to give the crude product as
a liquid. Yield: 32 g (75%).

Example 7

Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

The title compound was prepared in two steps from
2-(2-bromoethyl)-1,3-dioxolane using a Barbier-like mag-

nesium mediated intramolecular ring opening/cyclization.

Preparation of 2-cyclopropoxyethanol

o) Br  1)Mg, THF

O

OH, NaCl, 1,0
HO

3) 2-Me— THF
HO /A
\/\O }

A four-necked 2 L flask equipped with a thermometer,
magnetic stirrer, condenser and addition funnel was purged
with nitrogen and was charged with anhydrous THF (500
ml) and magnesium (30 g, 1.2 mole). After stirring and
sparging with nitrogen for 45 minutes at ambient tempera-
ture (23 to 28° C.), 2-(2-bromoethyl)-1,3-dioxolane (20 g,




US 9,464,043 B2

33

13.1 mL, 0.1 mole) was added in one portion. After stirring
for 5 minutes, the reaction was initiated and the internal
temperature rose from 25° C. to 45° C. (a water bath was
used to maintain the outer temperature below 30° C.).

The remaining 2-(2-bromoethyl)-1,3-dioxolane (180 g,
118.1 mL,, 1.0 mole) was added to the mixture via a suitable
addition funnel over 2.5 hours under nitrogen sparging at a
rate that kept the internal temperature at 40° C. to 60° C. (the
outer temperature of water bath was kept 20° C. to 30° C.).
After the addition was completed, the reaction was cooled
slowly to 20° C. to 30° C. over 4 hours. The reaction was
then warmed to 60° C. and stirred under nitrogen sparging
overnight.

Nitrogen-sparged water (200 g, 11.1 mole) was added
dropwise to the reaction mixture over 1 hour while keeping
the temperature between —15° C. and -10° C. (deionized
water was degassed by sparging with nitrogen for 40 min-
utes before addition). A nitrogen-sparged aqueous solution
of glycolic acid (75.6 g, 0.99 mole) and sodium chloride
(100 g, 1.7 mol) in water (400 g, 22.2 mole) was added
dropwise to the reaction mixture over 3 hours while keeping
the internal temperature between —15° C. and -10° C. (the
aqueous solution was degassed by sparging with nitrogen for
1 hour before addition). After the addition was completed,
the reaction was stirred at =15 to —10° C. for 10 minutes. The
reaction mixture was warmed to 10° C. to 15° C. The
reaction was extracted with three 200 g portions of 2-meth-
yltetrahydrofuran. The combined organic solution was
directly used for the next step.

Preparation of 2-cyclopropoxyethyl
4-methylbenzenesulfonate (2)

1) TsCl, aq. NaOH,
THF, 2-Me—THF

HO\/\O/A

2) Water, EtOAc—PE

A four-necked 3 L flask equipped with a thermometer,
mechanical stirrer, condenser and addition funnel was
purged with nitrogen and was charged with the above
solution of 2-cyclopropoxyethanol in THF and 2-methyltet-
rahydrofuran. The mixture was cooled to -5° C. to 0° C.
with stirring (100 rpm). A precooled (0° C.) aqueous solu-
tion of NaOH (134 g, 3.3 mole) in water (580 mL) was
added dropwise to the mixture over 40 minutes while
keeping the internal temperature between -5° C. and 0° C.
The mixture was stirred for another 20 minutes at -5° C. to
0° C. 4-Methyl-benzenesulfonyl chloride (252 g, 1.32 mole)
was added portion-wise over 40 minutes while keeping the
internal temperature between —5° C. and 0° C. The reaction
was stirred at =5° C. to 0° C. under nitrogen for another 5
hours in a cooling bath. The cooling bath was removed and
the reaction was warmed slowly to 10° C. to 20° C. and
stirred overnight.

Brine (400 mL) was added to the reaction. The mixture
was extracted with ethyl acetate/petroleum ether (fractions:
60° C. 10 90° C.) (5:1 v/v, 300 mL.x3). The combined organic
layers were washed with saturated brine (300 ml.) and water
(200 mL), and then concentrated under reduced pressure at
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40° C. to give the crude product as a liquid (215.6 g, yield:
76%, purity: 99.0%. To the crude product was added 200 g
of ethanol and evaporated under reduced pressure (~0.1
MPa) at 40° C. to remove any residual solvents.

Example 8

Preparation of 2-(4-(2-Cyclopropoxyethoxy)Ben-
zyl)-1-Chloro-4-lodobenzene

This example describes the preparation of 2-(4-(2-cyclo-
propoxyethoxy)benzyl)-1-chloro-4-iodobenzene via cou-
pling of the 4-(2-chloro-5-iodobenzyl)phenol with 2-cyclo-
propoxyethyl 4-methylbenzenesulfonate.

Cl OH
I

\/\O acetone, BuyNI
40° C.

Cl O
1

Under nitrogen a 500 L glass-lined reactor was charged
with acetone (123 kg) with stirring (120 RPM), 4-(2-chloro-
S-iodobenzyl)phenol (19.37 kg, 0.056 kmol), 2-cyclo-
propoxyethyl 4-methylbenzenesulfonate (15.85 kg, 0.062
kmol), cesium carbonate (18.31 kg, 0.0562 kmol) powder,
potassium carbonate (23.3 kg, 0.169 kmol) powder and
TBAI (4.15 kg, 0.011 kmol). After stirring for 40-45 h at 40°
C., TLC (petroleum ether (30-60° C. {fraction):ethyl
acetate=4:1, Rf=0.3) showed that starting material was con-
sumed. The mixture was cooled to 20-25° C.

The reaction mixture was filtered over diatomite (28 kg)
and the filter cake was washed with acetone (2x31 kg). The
combined filtrates were transferred to a 500 L glass-lined
reactor and concentrated. The residue was dissolved in ethyl
acetate (175 kg, washed with water (2x97 kg) and concen-
trated until the volume was about 100 L and was transferred
to a 200 L glass-lined reactor and continued to concentrate
to get about 22.5 kg of crude material.

The crude material was dissolved in methanol/n-hexane
(10:1, 110 kg) under refluxing for 30 min with stirring (100
RPM) until it was a clear solution. The mixture was cooled
to 5to 10° C. and some crystal seeds (20 g) were added. The
suspension was stirred for another 5 h at 5 to 10° C. The
mixture was filtered at 0 to 5° C. and the filter cake was
washed with pre-cooled methanol/n-hexane (10:1, 5° C.,
2x11 kg). The filter cake was dried under reduced pressure
(0.09 MPa) at 15 to 20° C. for 15 h to give off-white to white
solid. Yield: 18.1 kg, 75%. Melting Point: 31° C. (DSC
onset). '"H NMR (CDCl,, 400 MHz): & 7.45~7.50 (m, 2H),
7.09~7.12 (m, 3H), 6.88 (d, J=8.8 Hz, 2H), 4.11 (t, J=5.2 Hz,
2H), 3.99 (s, 2H), 3.88 (t, J=5.2 Hz, 2H), 3.40~3.44 (m, 1H),
0.63~0.67 (m, 2H), 0.49~0.54 (m, 1H). MS ESI (m/z): 429
[M+1]". °C NMR (CDCl,, 100 MHz): § 157.5, 141.5,

Cs,CO5/KCO5
_—

A
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139.5, 136.6, 134.2, 131.2, 130.8, 129.9, 114.9, 91.66,
69.00, 67.13, 53.72, 38.08, 5.63.

Although the foregoing invention has been described in
some detail by way of illustration and example for purposes
of clarity of understanding, one of skill in the art will
appreciate that certain changes and modifications may be
practiced within the scope of the appended claims. In
addition, each reference provided herein is incorporated by
reference in its entirety to the same extent as if each
reference was individually incorporated by reference. Where
a conflict exists between the instant application and a
reference provided herein, the instant application shall
dominate.

What is claimed is:

1. A method for preparing the compound of Formula I:

@
(RY),

R2 R!
X l

the method comprising:
forming a reaction mixture comprising a compound of

Formula II:
, 1D
2 2l (R,
X ‘

a silane reducing agent,

a catalyst which is present in an amount of less than about
0.1 eq. (mol/mol) to the compound of Formula II, and

a solvent, under conditions suitable to prepare the com-
pound of Formula I,

wherein

X is bromo or iodo,

R! is selected from the group consisting of hydrogen,
halogen, C,-C, alkyl, C,-C, alkene, C,-C, alkyne,
C;-C; cycloalkyl, and —CN,

each R* and R? is independently selected from the group
consisting of hydrogen, halo, hydroxy, C,-C; alkyl,
C,-C, alkenyl, C,-C; alkoxy, C,-C; alkyl-hydroxy,
C;-C; cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C;
haloalkoxy)C,-C; alkyl, (C,-C, alkenyloxy)C,-C;
alkyl, (C,-C, alkynyloxy)C,-C; alkyl, (C;-Cq
cycloalkoxy)C, -C; alkyl, C,-C; hydroxyalkoxy, C;-Cg
cycloalkoxy, C;-C heterocycloalkoxy, (C,-C; alkoxy)
C,-C; alkoxy, (C,-C; haloalkoxy)C,-C; alkoxy, (C,-C,
alkenyloxy)C,-C; alkoxy, (C,-C, alkynyloxy)C,-C;
alkoxy, (C5-C4 cycloalkoxy)C,-C; alkoxy, (C;-Cg het-
erocycloalkoxy)C,-C; alkoxy, (C5-C4 cycloalkyl)C, -
C, alkoxy, (C;-C, cycloalkyl)C,-C,, alkenyloxy, (C5-Cq
cycloalkyl)C,-C, alkynyloxy, —C(O)H, —C(O)OH,
and —C(0)O—C,-C; alkyl,

wherein at least one R is selected from the group con-
sisting of C,-C; alkoxy, C,-C; hydroxyalkoxy, C;-Cg
cycloalkoxy, C;-C; heterocycloalkoxy, (C,-C; alkoxy)
C,-C; alkoxy, (C,-C; haloalkoxy)C,-C; alkoxy, (C,-C,
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alkenyloxy)C,-C; alkoxy, (C,-C, alkynyloxy)C,-C;
alkoxy, (C;-C cycloalkoxy)C, -C; alkoxy, (C,-Cg het-
erocycloalkoxy)C,-C; alkoxy, (C;-Cg cycloalkyl)C, -
C; alkoxy, (C;-Cg cycloalkyl)C,-C, alkenyloxy and
(C5-Cq cycloalkyl)C,-C, alkynyloxy;

each R* is independently selected from the group consist-
ing of hydrogen, halo, —OR**, C,-C; alkyl, C,-C,
alkenyl, C,-C; alkoxy, C,-C; alkyl-hydroxy, C,-Cq

cycloalkyl, (C,-C; alkoxy)C,-C; alkyl, (C,-C;
haloalkoxy)C,-C; alkyl, (C,-C, alkenyloxy)C,-C;
alkyl, (C,-C, alkynyloxy)C,-C; alkyl, (C;-Cq

cycloalkoxy)C, -C; alkyl, C,-C; hydroxyalkoxy, C;-Cg
cycloalkoxy, C;-C; heterocycloalkoxy, (C,-C; alkoxy)
C,-C; alkoxy, (C,-C; haloalkoxy)C, -C, alkoxy, (C,-C,
alkenyloxy)C,-C; alkoxy, (C,-C, alkynyloxy)C,-C;
alkoxy, (C5-C4 cycloalkoxy)C,-C; alkoxy, (C;-Cq het-
erocycloalkoxy)C,-C; alkoxy, (C;-C4 cycloalkyl)C, -
C; alkoxy, (C5-C4 cycloalkyl)C,-C, alkenyloxy, (C5-Cg
cycloalkyl)C,-C, alkynyloxy, —C(O)H, —C(O)OH,
and —C(0)YO—C,-C, alkyl, wherein R** is selected
from the group consisting of hydrogen and a silyl
group;

wherein at least one R* is —OR™*%;

ring C is selected from the group consisting of an aryl and
a heteroaryl,

ring D is absent or selected from the group consisting of
an aryl and a heteroaryl,

subscript n is an integer from 1 to 4,

wherein the alkyl, alkoxy, cycloalkyl, alkenyloxy, alky-
nyloxy, cycloalkoxy, hydroxyalkoxy, and heterocy-
cloalkoxy groups or portions thereof may optionally be
partially or completely fluorinated, and

one or more hydrogen atoms optionally may be replaced
with deuterium.

2. The method of claim 1, wherein the compound of

Formula I has the structure of Formula Ia:

(a)

R2 R!

=

4 &)

X

and the compound of Formula II has the structure of
Formula Ila:

(11a)

RZ R!

=

AR,

¢}

3. The method of claim 1, wherein the compound of
Formula Ia has the structure:

RZ R! R*
X O O
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and the compound of Formula Ha has the structure:

RZ R! R,

e}

4. The method of claim 1, wherein R' is halogen.

5. The method of claim 1, wherein R? is selected from the
group consisting of C,-C; alkoxy, and C;-C, cycloalkoxy.

6. The method of claim 1, wherein

R! is chloro;

R?is H;

R? is C,-C, alkoxy; and

R*is —OR™.

7. The method of claim 1, wherein R® is methoxy.

8. The method of claim 1, wherein the silane reducing
agent is selected from the group consisting of tetramethyl-
disiloxane (TMDS), pentamethyldisiloxane (PMDS),
polymethylhydrosiloxane (PMHS), and Et;SiH.

9. The method of claim 1, wherein the silane reducing
agent is tetramethyldisiloxane (TMDS).

10. The method of claim 1, wherein the silane reducing
agent is present in an amount of from about 1.0 to about 5.0
eq. (mol/mol) to the compound of Formula II.

11. The method of claim 1, wherein the silane reducing
agent is present in an amount of from about 1.0 to about 2.0
eq. (mol/mol) to the compound of Formula II.

12. The method of claim 1, wherein the catalyst is selected
from the group consisting of B(C4F5);, —BF;-THF, BF;—
Bu,O, BF;-MeCN, BF;AcOH, BF,H,PO,, BF;, and trim-
ethylsilyl trifluoromethanesulfonate (TMSOTY).

13. The method of claim 1, wherein the catalyst is selected
from the group consisting of B(C4F5);, —BF;-THF, BF;—
Bu,0, BF;-MeCN, BF,AcOH, BF,H,PO,, and BF,.

14. The method of claim 1, wherein the catalyst is
B(C4Fs)s.

15. The method of claim 1, wherein the catalyst is present
in an amount of less than about 0.01 eq. (mol/mol) to the
compound of Formula II.

16. The method of claim 1, wherein the solvent comprises
at least one member selected from the group consisting of
pentanes, hexanes, heptanes, cyclopentanes, cyclohexanes,
benzene, toluene, xylene, trifluoromethylbenzene and chlo-
robenzene, or combinations thereof.

17. The method of claim 1, wherein the solvent comprises
toluene.

18. The method of claim 1, wherein the reaction mixture
is at a temperature of from about -25° C. to about 50° C.

19. The method of claim 1, wherein the reaction mixture
is at a temperature of from about —10° C. to about 25° C.
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20. The method of claim 1, wherein the reaction mixture
is at a temperature of from about 0° C. to about 20° C.

21. The method of claim 1, wherein the compound of
Formula I is prepared in at least 75% yield.

22. The method of claim 1, wherein the compound of
Formula I is prepared in at least 90% yield.

23. The method of claim 1, wherein the compound of
Formula I is prepared in at least 95% yield.

24. The method of claim 1, wherein the compound of
Formula I is prepared in at least 95% purity.

25. The method of claim 1, wherein the compound of
Formula I is prepared in at least 98% purity.

26. The method of claim 1, wherein R** is the silyl group,
and wherein the method further comprises:

adding an acid to the reaction mixture, under conditions

sufficient to prepare the compound of Formula I
wherein R* is —OH.

27. The method of claim 26, wherein the acid is selected
from the group consisting of hydrochloric acid, sulfuric acid,
phosphoric acid, and nitric acid.

28. The method of claim 27, wherein the acid is hydro-
chloric acid.

29. The method of claim 26, further comprising heating
the reaction mixture, thereby preparing the compound of
Formula I wherein R* is —OH.

30. The method of claim 1, wherein the compound of
Formula I has the structure:

l Cl l OH
1
the method comprising:

forming the reaction mixture comprising the compound
of Formula II having the structure:

al OMe,

e}

tetramethyldisiloxane (TMDS), a catalytic amount of
B(Cg4F5);, and toluene; and

adding hydrochloric acid to the reaction mixture, under
conditions suitable to prepare the compound of For-
mula I.



